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EEEATA. 

On  page  10,  after  the  footnote  add  A.  Iroivg,  Xetamorphiam  of  Boeka, 
page  96. 

Od  page  16,  16th  line  from  bop,  for  "structure  of  crystalUaea  rocke" 
read  structureB  of  crystallioe  rocKs. 

On  page  11,  under  "ftemarks,"  eighth  line  from  the  top,  for  "No.  l". 
read  No.  4. 

Oq  page  68,  fourth  and  eighth  liaea  from  the  bottom,  for  "539"  read 


On  page  184,  line  6  from  top,  after  "Interior"  Insert  of  the  eontinenls. 

On  page  185,  line  17  from  bottom,  tor  "Ontario,  Erie  and  Huron,"  read 
Ontano. 

On  pmte  188,  line  three  from  top,  for  "Goulai's,"  read  Qoutaia. 

Oq  page  191,  line  one  from  top,  for  "labradorlte"  read  plagux^aae. 

On  page  191,  line  ten  from  top,  for  "altitude"  read  attitude. 

Od  page  192,  line  five  from  top,  for  "oragraphic"  read  tmtffraphic. 

Od  page  192,  line  nlneteea  from  bottom,  for  "material"  read  natural. 

On  page  193,  line  twenty  from  bottom,  for  "canala"  read  vent*. 

On  page  193,  line  seventeen  from  top,  for  "all"  read  mostly. 

On  page  191,  line  seven  from  top,  fot  "thia"  read  the. . 

On  page  196,  line  fifteen  from  top,  for  "impossible"  read  possftte. 

On  page  196,  line  nineteen  from  top,  omit  "protecting." 

On  page  201,  line  five  from  bottom,  after  "It  is  not"  insert  infrequently. 

On  page  202,  line  one  from  top,  for  "Indentation"  read  indtnlaliona. 

On  page  £03,  line  nineteen  from  bottom,  for  "ambanltment"  read  em- 
bajfntent. 

On  page 216,  line  flfteen  from  bottom,  for  "time"  read  line. 

On  page  216,  line  8ixte«'n  from  top,  for  "Of  the  two"  read  Of  two. 

On  page  217,  in  title  of  Fig.  1,  for  "Keewenian"  read  Kevieenian. 

On  page  223,  line  14  from  bottom,  for  "fallen"  read/ull. 

On  page  226,  line  eleven  from  top,  for  "terraces"  read  tei-ivines. 

On  p^e  233,  line  thirteen  from  top,  omit  "[See  PI.  X.,  Fig.  2]." 

On  page  234,  line  twenty-one  from  top,  for  "plane"  read  plan. 

On  page  236,  line  three  from  bottom,  for  "aerial"  read  a  real. 

On  page  238,  line  twenty-two  from  lop,  for  "in"  read  on. 

On  page  211,  line  six  from  top,  for  "leads"  read  ieuets. 

On  page  242,  line  nineteen  from  top,  for  "XXI."  read  XI. 

On  page  250,  line  two  from  bottom,  for  "339.7"  read  4^S.7. 

On  page  262,  line  sixteen  from  bottom,  after  "'cave  of  the"  Insert  em- 
bayment. 

On  page  262,  line  nine  from  bottom,  for  "deuts"  read  strandt. 

On  page  253,  line  four  from  top,  for  "thickened"  read  thicker. 

On  page  270,  at  bottom  of  cut,  insert  "Fig.  II." 

On  page  271,  line  three  from  top,  for  "build"  read  buiU. 

Od  page  271,  line  twenly-one  from  bottom,  for  "and  gravel"  read  gravel. 

On  page 273,  line  twenty  from  top,  for  "gravel"  read  Jlnest. 

On  page  277,  line  thirteen  from  top,  for  '"rigid"  read  ridged. 

On  page  281,  line  eleven  from  bottom,  for  'inches"  read  fieocAes. 

On  page  284,  line  fourteen  from  top,  for  "altitude"  aitUude. 

Od  page  289,  line  five,  from  bottom,  for  "altitude"  read  attitude. 
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ADBEESS. 

Minneapolis,  May  1.  1892. 
To  the  President  of  the  University: 

DELA.R  SiE. — Herewith  is  transmitted  the  twenthieth  annual 
report  of  the  Geological  and  Natural  History  Survey,  of  which 
I  have  charge.  This  marks  the  close  of  the  second  decade  of 
my  connection  with  this  work,  which  began  with  the  commence- 
ment of  the  survey  in  1872.  It  is  with  some  satisfaction  that  I 
can  look  over  the  work  of  the  last  twenty  years,  and  with  some 
regret  that  I  can  see  its  deficiencies.  As  a  State  enterprise, 
however,  the  Minnesota  survey  is  unique  in  its  plan,  its  super- 
visory auspices,  its  slow  but  uninterrupted  progress,  and  in 
the  duration  of  its  personal  directorship. 

Ten  years  ago,  in  the  submission  of  my  tenth  annual  report, 
I  ventured  to  congratulate  the  University  and  the  State  on  the 
success  which  had  attended  the  survey  at  that  date,  but  the 
second  ten  years  have  been  more  prosperous  than  the  first  ten. 
Therefore,  whUe  renewing  my  congratulations,  I  think  it  is 
safe  to  l>espeak  for  the  third  decade  as  great  and,  perhaps, 
greater  advance  in  all  the  channels  of  scientific  research  ordered 
by  the  law.  The  University  of  Minnesota  has  a  golden  oppor- 
tunity to  place  herself  far  in  the  van  of  progress  in  science 
among  such  institutions  in  America,  and  the  overseers  of  the 
survey,  as  they  are  also  overseers  of  the  University,  cannot 
fail  to  see  the  ways  and  means  for  bringing  about  such  a  result. 
Respectfully  submitted, 

N.  H.  WINCHELL, 
State  Geologist  and  Curator  of  the  General  Museum. 
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BEPORT. 


Summary  Statement.  The  funds  of  the  survey,  derived 
almost  wholly  hitherto  from  sales  of  the  Salt  Spring  lands, 
not  only  became  exhausted,  on  account  of  increased  expense 
of  exploration  in  the  northern  part  of  the  state,  but  indebted 
to  the  University  fund  proper  for  advances  to  the  amount  of 
about  fifteen  thousand  dollars.  The  Legislature  of  1887  made 
a  cash  appropnation,  of  ten  thousand  dollars  for  certain  eco- 
nomic researches,  and  that  with  some  aid  from  the  Salt  Spring 
fund  kept  the  field  work  going  for  fonr  years,  i.  e.  till  the 
report  on  the  iron  ores  of  the  state  (Bulletin  No.  VI.)  was  pub- 
lished. The  Legislature  of  1891  made  another  cash  appropria- 
tion for  the  survey  amounting  to  fifteen  thousand  dollars,  with 
a  view  of  cancelling,  in  part  at  least,  the  deficit  in  the  funds 
and  of  carrying  forward  the  field-work  toward  completion. 
In  the  meantime  the  iron  ore  interests  have  rapidly  developed, 
and  it  has  become  incumbent  on  the  survey  to  make  much 
closer  examination  into  the  geographic  distribution  of  the  rocks 
carrying  this  ore,  as  well  as  into  many  questions  relating  to 
their  geology.  While  it  has  i>een  purposed  to  enter  at  once  on 
the  preparation  of  the  final  report  on  the  geology  of  the  north- 
em  part  of  the  state,  it  is  found  to  be  judicious  to  prosecute 
further  field-work  there.  Large  public  and  private  interests 
are  involved  in  the  developments  taking  place.  It  would  be 
discreditable  to  stop  the  survey  short  of  satisfactory  comple- 
tion while  such  important  economic  results  are  dependent  on  a 
knowledge  of  the  rocks  carrying  this  iron  ore.  The  season 
has  been  spent  therefore  in  further  field  examinations  and 
especially  on  the  Mesabi  iron  range.  Mr.  U.  S.  Grant  was  at 
work  on  the  eastern  end  of  the  range,  and  his  (accompanying) 
report  shows  some  of  the  results  of  his  field-work,  Mr.  H.  V. 
Winchell  was  directed  to  make  a  general  economic  study  of  the 
entire  range,  and  to  carry  his  data  and  statistics  to  as  late  a 
date  as  possible.  His  report  therefore  owing  to  lateness  of 
publication  laps  over  into  the  year  1892.     The  same  season 
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(1891)  Dr.  A.  C.  Lawson,  late  ot  the  Canadian  geological  survey, 
was  employed  to  make  a  survey  of  the  elevated  beaches  of  the 
north  shore  of  lake  Superior,  and  incidental  to  that  to  make 
such'  study  of  the  rock  formations  as  his  opportunities  afforded. 
His  interesting  report  on  the  beaches  accompanies  this,  and 
two  other  supplementary  papers  by  him  are  to  be  included  in 
a  separate  publication — probably  Bulletin  IX. 

Renewed  activity  also  has  been  given  to  paleontological  work 
on  the  Trenton  and  Hudson  River  fossils.  Mr.  Chas.  Schu- 
chert  made  a  collecting  tour  in  Wisconsin  and  in  Iowa,  and  in 
southern  Minnesota,  and  was  engaged  to  assist  in  the  prepara- 
tion of  chapters  for  the  Paleontology  of  the  stale,  while .  Mr. 
E.  O.  Ulrich  continued  his  work  on  the  Bryozoa.  In  all  the 
paleontological  work  the  survey  has  been  aided  gratuitously 
by  Mr.  W.  H.  Scofield,  of  Cannon  Falls.  The  printing  of  Vol. 
Ill,  of  the  final  report,  as  outlined  in  the  "Summary  state- 
ment" for  the  seventeenth  annual  report,  is  now  going  forward. 

It  was  thought  best  to  divide  the  report  of  Mr.  Herrick  on 
the  Mammals  of  the  state  into-two  parts,and  to  issue  them  sep- 
arately as  bulletins  (VII  and  VIII).  The  first  part,  embracing 
the  popular  and  semi- technical  descriptions,  is  now  in  press, 
and  when  issued  will  constitute  an  interesting  publication  of 
the  survey.  The  other  portion  is  in  Prof.  Herrick's  hands, 
and  when  it  has  been  revised  by  him,  and  changed  so  as  to 
comport  with  the  advances  made  since  the  volume  was  first 
tendered  for  publication,  it  will  appear  as  another  bulletin  of 
the  survey.  The  report  of  Dr.  Hatch  on  the  Birds  of  the  state 
is  intended  for  similar  publication,  but  it  is  not  at  hand.  Dr. 
Hatch  left  the  state  about  a  year  ago  and  has  never  actually 
put  his  manuscript  in  the  custody  of  the  survey.  His  present 
address  is  unknown. 

Since  the  last  summary  statement  the  nineteenth  report  has 
been  issned  and  distributed.  The  library  of  the  survey  grad- 
ually grows.  Our  reports  are  sent  in  exchange  to  all  parts  of 
the  world.  The  list  of  additions  by  this  means  shows  this 
growth.  There  is  also  herewith  presented  a  statement  of  reg- 
istrations in  the  museum,  now  reaching  8,441, 
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THE  CRYSTALLINE  ROCKS, 

SOHE    PBKi:.IlfniA.BY    CONBIDKRATIOKS  AB  TO    THIIB    StBUCTUREB 
AKD  ObIQIN. 


Soffioieni  field-work  has  sow  been  done  on  the  orfstalline  rooks 
of  the  state  to  enable  as  to  enamerate  the  foimatioiis  whioh  they 
contain,  aod  to  express  with  some  confidenoe  the  stratigraphic 
relations  whioh  they  bear  to  one  another.  These  important  pre- 
liminary steps,  having  been  taken  with  oare  and  thoroaghnees, 
there  remains  the  task  to  deduce  from  the  facts  ascertained  some 
further  principles  of  taxonomic  geol(^y  and  of  genetic  derivation 
for  the  rocks  themselves. 

In  attempting  to  present  these  facts  of  the  geology  of  the  lake 
Superior  region  in  snoh  a  manner  as  to  indicate  some  general 
troths  which  may  serve  as  guides  tor  olassifioation  and  nomencla- 
ture, it  is  the  deeire  of  the  writer  to  acknowledge  that  he  has  been 
but  one  among  several  recent  factors  that  have  helped  to  bring 
some  system  ont  of  oonfnaion  and  chaos.  After  the  report  of 
Foster  and  Whitney  in  1861,  on  the  mineral  lands  of  the  lake 
Saperior  region,  in  whioh  it  was  maintained  that  it  was  impossible 
to  divide  the  crystalline  rocks  into  any  systematic,  consistent 
order  of  eucoesslon,  either  stratigraphic  or  chronological,  there 
have  been  numerous  geoloKlsta  who,  having  made  examinations  in 
one  part  or  another  of  the  lake  Saperior  region,  have  shown 
tbat  the  crystalline  rocks  are  sasoeptible  of  stratigraphic  Bubdivi> 
sioD,  and  have  attempted  to  repress  such  sabdivision.  Generally 
they  have  shown  that  it  is  possible  to  separate  them  into  two 
parts.  This  binary  classificatiou  was  really  instituted  prior  to 
the  vrork  of  Foster  and  Whitney  by  Alexander  Murray  and  Sir 
'William  Logan  of   the  Canadian  survey.    While  the  Canadian 
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2  TWENTIETH   ABNUAX   BZPOBT 

Barvey  itself  has  teDooioosIy  held  to  thin  simple  claseification, 
Bome  of  its  individaal  members  have,  nDwittiogly  sometimes,  but 
intentiDQslly  at  other  times,  pnt  on  record  important  facts  that 
have  called  ette&tiou  to  iuoousisteDcies,  and  to  the  ooDfnsioD  that 
has  resulted,  and  some  of  them  have  ia  a  measare  abandooed  the 
original  nome&olatnre  of  Mnrra;  and  Logan,  and  have  institiited 
new  names  to  express  sabdivisions  that  are  needed  and  which  were 
not  recognized  by  Afarray  and  Logan. 

On  the  other  side  of  Take  Superior,  the  state  surveys  of  Mich- 
igan and  Misoousin,  while  adding  many  and  interesting  facts  to 
the  general  fond  of  knowledge  of  the  crystalline  rocks,  have 
added  bat  little  to  the  advancement  of  their  special  taxonomy,  or 
their  genetic  relationships.  Theae  surveys  were  mainly  occupied 
with  the  discovery  of  their  get^apbic  areas,  and  the  delineation 
of  their  local  details  of  stratigraphy  and  ont'Crop.  They  adopted, 
in  general,  the  stratigraphio  principles  and  the  nomenclature  of 
the  Canadian  surrey  of  1857,  bat  also  showed  that  it  was  necessary 
to  institute  many  minor  distinctions  in  stratigraphy — without, 
however,  attempting  to  establish  any  certain  order  for  all  the  dis- 
tinctions which  they  recorded. 

It  is  evident  that  before  any  inquiry  can  be  entered  upon  an  to 
the  more  minnte  ioteroal  relations  of  these  formations,  it  is  esaen- 
tial  that  the  seriah  order  which  thay  sastaio  to  each  other,  at  least 
some  of  their  grand  stratigraphic  taxonomy,  shall  4}e  determined. 
To  the  solution  of  these  problems  very  much  time  has  been  given, 
both  by  members  of  the  United  States  geological  survey,  and  by 
those  engaged  on  some  of  the  state  surveys.  An  essential  con- 
cord has  been  reached  by  the  more  recent  investigators  on  some  of 
the  main  questions  of  relationship,  as  well  as  some  of  the  minor 
stratigraphio  details.  While  the  statements  of  this  paper  will  be 
based  on  facts  developed  in  Minnesota,  it  cannot  be  questioned 
that  the  principles  involved,  and  many  of  the  facts  on  which  they 
^e  based  will  be  found  duplicated  with  equal  or  greater  cleairneBs, 
in  Wisconsin  and  Michigan,  as  well  as  in  Canada.  The  great  syn- 
clinoriom  of  the  lake  Superior  valley  seems  to  have  been  wrought 
oat  in  a  series  of  strata  of  very  old  date,  and  it  manifests  its  con> 
oordant  history  in  the  plications  and  daplicatdons  of  its  rocky 
rim  on  all  its  sides  alika 

The  principal  rock  terranes,  as  made  oat  in  the  region  north- 
west from  lake  Superior  are  as  follows  : 

1.  A  series  of  alternating  fragmental  and  eruptive  beds,  known 
SB  Nipigon  or  Keewenawan,  the  npper  portion  composed  almost 
netirely  of  red  sandstones,  placed  UDconformably  beneath  a  later 
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seriee  of  conglomerates  and  sandBtoBes  in  which  ia  toand  the 
"  DiekUooephalns  fauna"  of  the  primordial. 

2.  Lovet  down  are  foond  alternating  beds  of  "emptive"  sheete 
and  fragmentsl  rocke,  bnt  the  fragmental  are  qaite  different  from 
those  in  No.  1,  being  thin-bedded  elates,  often  black  silioeooB  and 
actinolitio  Bchiete,  magnetitic  jaspers,  qnartzjtee  and oherty  qnartz- 
ytes.  These  are  interbedded  with  sheets  of  ernptive  rook  or  rook 
composed  of  pyroclastio  materials  which  were  probably  of  tafaceons 
origin,  presenting  more  or  less  evident  sedimentary  stmctores. 

3.  The  eraptiTefaoieaia  intensified  at  this  horizon  by  the  protra- 
sion  o£  immeose  qnantities  of  tme  basic  ernptiTe  (gabbro)  which 
ia  foand  to  have  embraced  in  itself  considerable  masses  of  the 
next  older  strata,  partioolarly  d  the  Pewabic  qaartzyte  and  ita 
modifications.  This  gabbro  is  intimately  associated  with  acid 
emptive  rooks  of  ootemporary  date,  constitnting  red  felsytaa, 
qoartz  porphyries  and  reddish  granites.  This  gabbro  ia  the  bear- 
er of  large  quantities  of  titanic  magnetite,  and  very  often  the 
onderlying  qaartzyte,  involved  in  the  gabbro,  ia  also  highly  charged 
with  magnetite,  thongh  never  tita&iferdos. 

4.  The  bottom  of  the  Animikie  is  characterized  by  a  great 
qaartzyte  assooiated  with  iron  ores  and  cherts,  which,  however, 
do  not  always  appear  in  their  typical  characters  at  this  horizon. 
Associated  with  this  qaartzyte,  and  with  some  of  the  beda  imme. 
diately  overlying  it,  are  the  important  iron  deposits  of  the  "Mesabi 
rang&"  This  qaartzyte  lies  nnoonformably  on  all  the  older 
rocka,  bat  principally  it  has  been  ezunined  in  its  contact  with  the 
granite  and  greenstone  of  the  Oiant's  range.  Wherever  its  lower  beds 
are  f onnd  exposed  they  are  apt  to  be  conglomeritic  wifli  debria  from 
the  anderlying  formations.  Thia  has  been  styled  Pewabic  qaartzyte. 
It  is  subject  to  great  litbologic  variations,  dae  on  the  one  hand  to 
admixtures  of  mechanioal  debris  from  the  older  rooks,  and  on  the 
other  to  chemical  preotpitationa  in  the  ocean  in  which  it  was 
gathered,  and  to  the  mingling  of  volcanic  toff  from  the  eraptious 
that  were  coincident  with  ita  deposition,  some  of  which  are  seen 
as  interbedded  aheeta  of  cotemporary  date.  Its  color  is  asaally 
gray,  bat  on  the  Miasissippi  river,  at  Pokegama  falls,  it  is 
anperfioially  red  to  the  depth  of  two  or  three  inchea,  and  still  far- 
ther soathweat,  in  Pipestone  .ocnnty,  it  is  extensively  changed  to 
a  red  color.  Its  graina  are  coarse,  roonded  and  evident,  bnt  tliey 
are  joined,  generally,  into  a  compact  mass  by  the  deposition  of 
secondury  silica.  In  the  near  vicinity  of  the  cotemporary  vol- 
canic distarbfuicee  its  grain  is  very  fine,  like  jaspilyte,  and  in 
some  cases  it  has  acqaired  a  dense  crystalline  straotore  from  con- 
tact with  the  gabbro.  ~.q  Ip 
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There  is  bat  little,  if  any  donbt,  that  the  great  physical  break 
whioh  separates  the  pteoeding  from  the  following  extends  throii^b- 
ont  the  lake  Superior  district,  and  that  it  marks  the  greatest 
erosioD-interrol  which  has  been  discovered  in  paleozoic  geology, 
as  dietinctly  pointed  oat  by  Dr.  A.  C.  Lawson. 

A  scant  fauna  has  been  foand  to  characterize  the  terranes  down 
to  this  point,  and  so  far  as  the  oharaoterB  indicate,  the  fanna  is 
primordial.  This  whole  series,  by  its  stratigraphio  position,  its 
fsana,  lithology,  and  its  accidental  featoree,  is  bonnd  in  one 
grander  groap,  and  resembles  that  which  is  known  as  laoonio. 

Nos.  3  and  4  are  separable  from  Ko.  2  by  divergence  in  dip  and 
strike,  as  well  as  by  a  marked  difference  of  litko!<^.  Between 
these  and  No.  2  there  is  in  Minnesota  some  evidence  of  noooon- 
formity,  and  snoh  has  also  been  stated  of  them  in  Wisooosin. 

6.  Below  this  group  is  the  fundamental  "  complex,"  made  ap 
of  crystalline  rocks  and  their  debris.  It  is  in  this  complex  that 
are  fonnd  some  of  the  problems  that  have  long  been  etadied,  and 
in  which  remain  some  of  the  nnsettled  questions.  Still  great  ad- 
vance has  been  mbde  in  de6iphering  its  stmetore  and  stratigraphy. 
Three  grand  parts  have  been  made  out,  in  stratigTaphic  order,' 
while  a  foorth  is  well  established,  but  oooors  sporadically.  The 
first  of  these  parts  is  a  volcanic  formation  of  great  thickness,  oo- 
oupying,  however  a  fixed  position  in  geographio  extent  and  in 
stratigraphio  order.  This  is  known  as  the  Eeewatin.  Most  of  its 
rocks  are  volcanic  tuffs  presenting  more  or  lesB  evidence  of  aqneoas 
sedimentation.  There  is  one  imp(»:tant  part  of  this  series,  spec- 
ially designated  Kawishiwin,  whioh  diffrars  from  the  rest  It  em- 
braces the  gi^at  bulk  of  the  "greenatonee"  and  chloritic  schists 
and  jasperoid  hematites  of  the  formation,  and  it  seems  to  be  the 
latest  known  member  of  the  Keewatin,  although  it  still  remains  to 
be  shown  whether  this  massive  greenstone  phase  be  not  of  fitful 
distribution  and  liable  to  occur  in  other  parts  of  the  Keewatin. 
The  most  of  the  Keewatin  rooks  are  graywackes,  sericitic  schists, 
agglomerates,  conglomerates,  with  some  exceedingly  fine-grained, 
glossy,  serpentinous  schists.  It  also  embraces  modifications  of 
these,  which  will  be  mentioned  later.  The  conglomerates  and  the 
agglomerates  appear  at  different  horizons,  the  latter  being  espec- 
ially abundant  in  the  Kawishiwin  horizon.  The  hematite  ores 
whioh  characterize  the  Eeewatin,  are  found  in  the  Kawishiwin 
stage.  They  are  in  lenticalar  lodee,  and  in  general  they  stand 
aprigbt,  conformable  with  the  general  position  of  the  rooks  and 
and  all  the  maoro-strncture  of  the  country. 
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6.  Tte  next  older  rooke  are  ooaformably  linked  with  the  Ke&- 
watin  rocks  in  stratigrajthy,  and  they  are  no  less  intimately  noited 
with  them  lithologioally.  There  is  an  increasing  degree  of  (rmher 
crystallization  evident  in  the  Keewstin  toward  the  bottom,  and 
when  the  strata  become  wholly  crystalline  they  have  reoelTftd  the 
name  of  Termilion  series.  There  has  not  yet  been  seen  in  Min- 
nesota any  anoonformity  between  the  Keewatin  and  the  Vermilion, 
and  indeed  it  appears  that  the  oryBtallioe  oharaoters  ooonr  some- 
times ont  of  their  normal  stratigraphio-  place,  indicating  that  their 
existence  is  not  dep9ndent  on  stratigraphic  order  wholly — thoogh 
in  the  main  it  is.  The  Yermilion  schists*  otherwise  known  as 
crystalline  schists,  contain  magnetic  iron  ore,  bnt  generally  they 
are  destitute  of  it  They  are  usually  plainly  stratiform,  in  as  evi- 
dent a  manner  as  the  stratified  rooks  of  the  Eeewatin,  bnt  they 
also  embrace  some  dark,  massire  "greenstone'  belts  in  which  uo 
stratification  bands  are  visible.  They  consist  essentially  of  mioa 
schists  and  hornblende  schists. 

7.  The  base  of  the  Yermilion,  when  not  disturbed  by  upheaval 
in  Archean  time,  has  a  gradual  transition  into  conformable,  strati- 
form gneiss,  which  is  of  like  character  with  the  trfuisition  from  the 
£eewatin  to  the  Yermilion.  Indeed  there  is  nothing  to  distinguish 
the  Yermilion  schists  from  the  gneiss  of  the  LanrentiaD,  except  an 
increase  in  the  feldspathic  find  silioeons  ingredients  at  greater  depth 
in  the  series.  Even  after  the  Laorentian  ohairaoters,  viz.,  more 
or  less  massive  or  gneissio  acid  rook,  have  bsoome  folly  established 
through  s  thickness  of  a  hundred,  or  three  hundred  feet,  there 
may  recur,  well  within  the  gneiss,  a  parallel  and  extended  belt  of 
rook  with  straotion  and  llthology  like  those  of  the  Yermilion 
schists,  or,  vice  versa,  there  have  been  seen  thick  beds  of  gray 
gneiss,  conformable  with  the  sedimentary  stratificatiun,  well  within 
the  Yermilion  sohists,  making  an  esBential  part  of  the  series. 
Therefore  it  is  plain  that  the  base  of  the  Vermilion,  when  not 
broken  by  upheaval  and  breooiation  is  an  uncertain  and  vanishing 
plane'whioh  cannot  be  located  exactly  with  any  unanimity  or  con- 
sistency by  different  field  geologists — nor  even  by  the  same  geol- 
ogist 

But  thiB  normal  interatratification  and  gradual,  passage  from  the 
Vermilion  to  the  Laurentian  is  not  always  found,  nor  indeed  is  it, 
perhaps,  the  most  frequent.  There  is  more  frequently  a  great 
disturbance  manifest  at  this  horizon,  resulting  in  breociation  and 
confusion.  In  most  oases  there  are  numerous  "  dikes "  of  the 
lighter-colored  granitic  rock  cutting  the  schists,  and  there  are 
larger  areas  and  knobs  ureless  basic  roek.    There  is 
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every  charaoter  that  indioatea  that  tbeae  were  both  in  a  fluid  or 
plastic  state,  and  that  the  only  nou-flaid  rock  was  the  older  Bobist 
which  is  seen  Tarionsly  embraced  in  isolated  pieces  by  both. 

One  other  character  pertaining  to  the  stmotoral  relations  of  the 
parts  of  the  Archean  complex  ehoald  be  mentioned,  viz:  The  emp- 
tive  characters  just  deBoribed,  so  far  as  they  pertain  to  the  Laareu- 
tiao  gneiss,  do  not  always  come  into  contact  with  the  crystalline 
schists  of  the  YermilioB,  bat  sometimes  bmall  areas  of  Laorentian 
granite  are  directly  in  contact  with  schists  that  hare  the  imper- 
fectly crystalline  condition  of  the  Keewatin. 

The  Archean  oomjex,  therefore,  is,  normally,  a  nnit  in  its 
grander  featorea,  end  while  separable  into  differing  members,  in 
the  same  manner  as  the  overlying  Taoonic,  and  liable  to  disturb- 
anoe  and  to  the  action  of  invading  igneons  rock,  in  the  same 
manner  it  is  plainly  one  in  its  grander  history  and  ite  chief  gen- 
etic characters. 

With  this  statement,  which  gives  a  conoensns*  of  the  resnlts 
reached  by  several  geologists  who  have  given  special  attention  to 
the  field  evidences,  we  have  given,  perhaps,  all  that  can  be  said  to 
be  settled  as  to  the  major  strnctnral  relations.  It  is  when  we  go 
farther,  and  attempt  to  discover  some  of  the  minor  relations  sub- 
sisting  between  these  parts,  or  enter  upon  the  study  of  their  genesist 
that  we  find  a  divergence  of  opinion.  These  differences  of  opinion 
result,  of  coarse,  from  a  study  of  the'problems  from  different  points 
of  view,  or  along  different  ways  of  research,  by  reason  of  which 
different  geologists  have  seen  only  portions  of  the  evidence.  It  is 
to  be  presumed  that  when  two  geologists  shoald  see  and  compre- 
hend all  the  facta  there  would  be  between  them  an  exact  agree- 
ment of  opinion.  The  significanoe  of  a  geological  fact,  when  onoe 
pointed  oat,  can  be  apprehended  and  applied  only  in  one  of  two 
diverse  directions,  and  can  be  used  by  one  geologist  as  well  as  by 
another.  This,  of  coarse,  reqnires  that  the  fact  and  its  interpreta- 
tion shall  be  embraced  in  a  correct  nnderlying  philosophy.  If  a 
philosophical  principle  be  assumed,  at  the  outset,  which  is  falsoi 
there  will  be  danger  of  a  vicions  interpretation  of  all  the  facts  that 
are  discussed  by  the  geologist  who  holds  the  false  philosophy.  He 
may  be  very  expert  in  the  discovery  and  the  grouping  of  the  rela- 
tions of  the  facte  which  he  employs,  bnt  all  his  reasoning  is  viti- 
ated by  the  weakness,  or  worthlessness,  of  his  initial  datum.  It  is 
necessary,  therefore,  to  examine  every  assumed  principle  on  which 

■The  pOBltlOQ  of  the  prtuclpal  g&bbro  horliua  (that  at  Duluth  and  ^t  Little  Sagau- 
»galabe)maf  beeioeiited  trom  tblBstatemeDl,  twit  IsDotsettledsoas  tobeadmltMd 
bj  all  observers,  that  the  gabbro  loUowed  Immediately  after  the  P*irabic  qoarti/t*. 
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this  OT  the  other  interpretation  is  based,  and  to  nudntaia  among 
the  faots  diBoaased  a  rigid  and  oprreot  rale  of  relationship  vithin 
the  apoepted  philosophy.  It  is  eqaaliy  certain  that  the  oorreotness 
or  falsity  of  a  philosophical  principle  applicable  to  geologic  faots, 
when  pointed  oat,  can  be  apprehended,  and  would  be,  by  one 
candid  geologist  as  readily  aa  by  another.  There  is  henoe,  on  the 
Msamption  that  geologists  are  all  candidly  in  parsait  of  the  tmth 
only,  a  reason  to  expect  that  not  .only  will  all  the  facta  necessary 
to  the  solation  of  prwent  problems  be  discovered  and  kliown 
finally  by  all  geologists  concerned,  but  that  they  will  be  sabordi- 
nated  to  a  sonnd  philosophical  disoossioD  and  settlement. 

The  unsettled  problems  pertaining  to  these  rocks,  whether  in 
the  Laurentian,  the  Oatarian  or  the  Taoonic,  are  very  frequently 
connected  with  the  "eruptive"  members,  whether  troly  eruptiTe  ot 
not,  and  with  the  genesis  of  some  of  the  minor  non-emptive  parts. 
It  might  be  mentioned  also  that  there  is  still  some  qneetion  as  to 
the  stratigraphio  place  of  the  gabbro  of  the  Meeabi  range  of  hills 
^d  aa  to  its  relation  to  the  Animikie.  There  is  also  some  uncer- 
tainty as  to  the  manner  of  distribntion  of  the  urnptive  rooks  both 
of  the  Animikie  and  of  the  Mipigon  through  those  formations,  and 
the  effect  of  such  distribntion  on  the  ootemporary  sedimentary 
beds  at  places  remote  from  the  points  of  issue  of  the  eruptives. 
In  shorr,  it  is  not  altogether  certain  but  that  the  terms  Nipigon 
nnd  Animikie  hare  been  applied  to  some  extent  at  different  and 
distant  points  to  different  but  cotemporary  phases  of  the  same  for- 
mation.* The  Pewabio  quartzyte  shares  less  in  this  uncertainty, 
maintaining  its  identity  at  the  base  of  the  Taconic 
USE  OF  TERMS. 

It  is  one  of  the  primary  essentials  to  the  investigation  of  the 
'  crystalline  rocks,  after  the  ascertainment  of  their  physicEil  and 
etratigrapliic  characters,  that  there  shall  he  a  clear  understanding 
of  the  terms  selected  to  define  them,  and  this  necessity  appears 
greater  in  no  case  than  in  the  use  of  the  terms  "metamorphism," 
and  "alteration"  and  the  terms  "schistose,"  "laminated,"  "stratified," 
"gneissic,"  "bedded"  and  "banded."  These  terms  have  been  yari- 
oosly  employed,  and  great  confnsion  has  resulted. 

Anyone  who  has  given  attention  to  the  rooks  as  they  appear  in 
the  field  will  have  noted  that  there  are  two  opposing  tendencies  of 
change  which  the  Arohean  rocks  have  experienced.  He  finds  a 
force,  or  several  forcee,  which  promote  what  might  be  styled  a  de- 
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stmoiive  or  degretdatidiisl  traDsition  from  one  mineral  condition  to 
another — in  other  words  a  weathering  process.  This  hasresnlted 
both  in  past  geologic  eons  and  in  the  ebort  time  that  has  elapsed 
sinoe  the  glaoial  epoch,  in  oonverting  hornblende  to  chlorite  and 
to  talc  or  serpentine,  biotite  to  maecorite,  and  to  the  variong 
hydrated  mica8,feldspar  to  mios  or  kaolin,  menaooanite  to  leaooxene, 
and  in  abort,  it  is  that  change  which  is  preliminary  to  the  final 
disintegration  of  the  minerals  concerned  and  their  disappearance 
either  in  the  Bnperfioial  soils  or  in  solntion  and  dietribntion  in  any 
waters  that  can  carry  them  away.  The  forces  that  promote  this 
change  are  water  and  atmospheric  air,  and  since  these  haye  been 
present  since  the  rocks  existed  as  rocks,  and  were  also  present 
and  equally  or  more  active  at  the  date  of  their  birth,  it  is  plain 
that  the  effect  of  their  infioence  will  be  likely  to  be  f onnd  throngh- 
oat  the  history  of  the  Archean  rooks,  at  all  points  where  there  can 
be  said  to  be  any  identifiable  data  to  mark  their  history.  It  will 
be  noticed  that  all  these  changes  of  condition  resalt  from  an  at- 
tack, an  ever  energetic  assault^  which  the  atmosphere,  through, 
some  of  its  agents,  is  nlaking  on  the  primary  elementary  condi- 
tions of  the  minerals  of  the  earth.  It  is  essentially  a  carbonizing, 
an  oxygenizing  and  a  hydrating  proceea  It  is  ever  present,  and 
its  aveanes  of  effective  attack  are  myriad.  As  a  reeolt  of  this 
warfare  between  the  earth  and  the  air  the  surface  of  the  earth  has 
become  habitable  by  the  varions  grades  of  oi^anized  beings,  vege- 
table and  animal.  This  process  is  one  of  the  most  important,  in 
its  progressive  steps,  and  one  of  the  most  stapendoos  in  its  resalts, 
however  slow  and  gentle  it  appears,  which  we  can  contemplate  in 
the  history  of  the  earth.  It  is  not  designed  here  to  dwell  apon  it, 
although  it  has  resolted  in  the  production  of  all  onr  limestones, 
sandstones,  shales  and  nsaal  soil-prodnoing  strata,  and  has 
broaght  aboat  those  conditions  by  which  water  at  ordinary  tem- 
peratures can  remain  permanently  on  the  surface  of  the  earth. 

Opposed  to  this  destructive  process,  the  geologist  who  contem- 
plates the  crystalline  rocks  observes  another  operation.  This 
force  acts  to  expel  the  carbon  and  the  water,  and  as  much  of  the 
oxygen  as  possible,  which  have  been  taken  np  by  the  operation  of 
the  destmotive  process.  This  is  essentially  a  reconstructive  oper- 
ation, and  its  effect  is  to  bring  all  the  minerals  subjected  to  its 
action  book  again  to  or  toward  the  conditions  which  they 
possessed  originally.  The  reconstructive  process  will  be  impeded, 
natnrally,  and  sometimes  diverted  from  its  normal  result,  by  acci- 
dents of  environment,  either  physical  or  chemical,  which  have 
transpired  since  the  primary  crystallization,  through  the  action  of 
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the  deetmotive  agents  of  the  air,  already  meatiooed.  For 
iDBtanoe,  whereas  a  Dormal  and  Datnral  change,  through  deetract- 
iTe  agencies,  wonld  be  manifested  in  the  ooDTersion  of  angite  to 
hornblende,  and  of  hornblende  to  chlorite,  and  also  of  an  ortho- 
olase  feldspar  to  a  potash  mica,  and  thence  to  sericite,  and  to 
kaolin,  when  the  reoonstructire  process  were  to  take  these  final 
products  in  hand,  it  wonld  not  be  able,  perhaps,  to  restore  them  to 
their  original  conditions  of  composition  and  crystallization,  pro- 
ducing angite  and  orthoclase  feldspar,  bnt  the  utmost  of  its 
resalta  might  be  a  form  of  hornblende  and  a  black  mica.  Certain 
natural  and  insurmountable  obstacles  seem  to  oppose  the  reforma- 
tion of  exactly  the  same  minerals  through  that  method  of  regenera- 
tion. It  cannot  be  questioned,  however,  that  could  the  original 
oonditione  be  restored,  both  of  heat,  pressure  and  moisture,  and 
the  same  (orora  be  brought  to  bear  on  the  same  elements,  in  the 
same  proportions,  as  in  the  first  orystallzation,  the  result  wonld  be 
the  reconstruction  of  identically  the  same  crystals.  This  re- 
crystallizing  process,  compared  with  that  of  disintegration,  is  mnoh 
less  observable,  and  in  the  later  geological  ages  it  is  less  common 
than  in  the  earlier.  This  apparent  diminution,  however,  may  be 
only  apparent,  and  due  to  the  fact  that  its  later  effects  are  likely 
to  be  buried  at  great  depths  below  the  clastic  atrato  of  the  super- 
crust,  and  hence  invisible  to  the  geolc^ist.  It  is  only  where  and 
when  some  of  the  oaoses  that  promote  it  break  through  the  saper- 
croet  and  become  apparent  at  the  surface  of  the  earth,  as  in  the 
oases  of  volcanic  forces,  that  the  student  of  these  rocks  can  observe 
the  method  of  this  reconstruction  in  the  production  of  ite  char- 
aeteristio  minerals.  The  causes  that  produce  these  retro-changes 
are,  hence,  only  exceptional  and  local,  and  do  not  disturb  in  the 
grand  aggregate,  the  onward  course  of  the  unequal  warfare  between 
the  air  and  the  earth,  which  inevitably  is  tending  to  the  subjuga- 
tion of  the  latter  by  the  former.  The  reaction  of  the  crystalline 
forces  against  disintegration  was  most  powerful  and  effective  in 
Archean  time,Tben  the  earth  was  heated  nearer  the  surface.  The 
volnminoas  sedimentation  that  resnlted  from  the  first  attacks  of 
the  atmospheric  agents  on  the  heated  earth's  surface,  has  been  the 
most  exposed  to  this  re-construction.  At  that  early  dale  in  the 
formatioa  aa]  diasaoainatioQof  fragmeatal  materials  by  the  air  or 
the  ocean,  the  nature  of  the  sediments  themselves  had  not  so  far 
become  differentiated  from  their  parent  sources,  as  are  the  sedi- 
ments of  the  present  ocean,  and  in  the  event  of  re-oonstruotioD 
ooald  more  easily  and  more  abundantly  re-produce  the  minerahi  of 
the  parent  rock.    The  forces  which  are  concerned  in  the  reoon- 
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Btruction  oE  the  primary  miaerals  in  the  Arohean  rooks,  are  seated 
below  the  oraet  of  the  earth,  ttnd  their  power  eeema  to  inorease  at 
greater  depths.  Whenever  they  maaifeat-  themselTea  in  ooDcrete 
form  at  or  near  the  sarfaoe  they  are  oombiaed,  in  some  oooult  re- 
latione with  pressure  and  moistare.  Primarily  we  may.  perhaps 
as  oorreotly  as  any  way,  express  these  forces  in  a  single  term,  by 
the  words  dr^Aeo^,  either  as  the  result  or  as  the  cause  of  gravitation, 
but  as  dry  heat  was  associated  with  varying  degrees  of  pressare 
and  perhaps  of  moisture,  in  the  first  orystallizatioDs,  bo  it  appears 
to  be,  even  more  oloaely,  aesooiated  with  the  same  agents  in  the 
production  of  the  restored  re-crystallizations.  Hence  it  would  be 
equally  correct,  for  our  present  purpose,  to  ^^cribe  all  the  re- 
constructions of  which  we  are  speaking,  to  the  three  well  known 
agents  of  metamorphism,  viz.,  heat,  pressure  and  moisture.  When 
these  combine  in  their  action  on  any  of  the  early  sediments,  such 
as  may  have  t>een  long  subjected  to  levigation  and  hence  may  have 
been  greatly  changed  from  their  parent  condition  b;  the  ocean,  the 
concentrated  effect  is  to  cause  the  greateet  degree  of  re-crystalliza- 
tion, and  restoration  of  primary  characters. 

These  two  opposing  processes  prodaoe  oharaoterietic  mineral' 
species,  and  in  their  maltiform  physical  reactions  upon  each  other, 
under  oonetantly  varying  physical  relations,  and  varying  chemical 
surroandings,  they  give  rise  to  a  large  number  of  intermediate  and 
unstable  mineral  species,  which  are  characteristic  of  neither  one 
nor  the  other.  Such  are  the  zeolites,  the  sulphides,  some  carbon- 
ates, eto.  But  the  principal  characteristic  minerals  which  each 
process  gives  rise  to,  are  too  familiar  to  need  enumeration  here.* 

Now,  as  both  these  processes  result  in  a  change  of  mineral  con- 
dition in  the  rocks,  the  resultant  rocks  may  be  said  to  be  meta- 
morphosed. Indeed,  the  term  "metamorphic"  has  been  applied  to 
each.  Those  who  are  predisposed  to  consider  all  rocks  sedimen- 
tary until  they  can  be  proven  to  be  of  eruptive  origin,  have  been 
prone  to  apply  the  term  "metamorphic"  to  not  only  those  banded 
schists  (the  mica  schists)  which  preserve  a  playi  sedimentary 
structure,  but  alao  to  those  greenstone  schists  which  do  not  pre- 
serve evident  sedimentary  batiding,  but  whose  minerals  are  frag- 
mentary and  plainly  in  a  state  of  transition  from  a  once  more 
perfectly  crystalline  condition  to  a  state  of  greater  disintegration- 

*Tho  chemical  potenllamiBs  of  BJllc^D  being  called  out  malnl;  at  high  lenipera- 
turen.  Bad  tbofte  of  carbon  at  more  moderate  tumperaturea.  the;  Beem  to  stand,  M  it 
were,  at  the  two  opposite  polea  ol  matter,  dividing  the  empire  between  thetu  Into  vhat 
weoommonly  call  the  Organic  nnd  the  Inorganic,  but  with  very  undoHned  iJoundarleB 
along  which  dwell  a  series  of  reatleHs  and  turbulent  tribes,  the  ladlvlduala  ol  whlob 
own  Qo  permanent  BlleglBDCe  to  either.  cassInK  from  the  domain  oCeaoh  Into  the  other 
In  the  most  facile  manner. 
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Oq  the  other  hand,  those  who  have  been  prone  to  olsim  every 
oryBtalline  rock  as  eruptire  ontU  it  can  be  proven  to  be  of  Bedimen- 
tary  origin,  have  been  eqaally  liable  to  ignore  the  necessary  great 
divergence  between  these  two  operations,  and  to  set  down  as 
eruptive  not  only  those  massive  crystallineB  which  are  plainly 
eruptive,  but  aUo  those  imperfectly  crystalline  masses,  whose 
grains  are  in  a  transitional  state,  like  the  schistose  greenstones, 
attributing  their  semi-diaiategration  to  a  force  or  a  process  known 
as  "dynamic  metamorphism." 

For  the  present  purpose  we  shall  apply  the  term  metamorphism 
only  to  the  reconstructed  rooks  whose  minerals  have  been  forced 
to  take  on  a  condition  of  more  thorough  crystallization  by  the  ap- 
plication of  the  forces  of  heat  and  pressure  in  the  presence  of 
moisture.  The  micaceous  and  hombiendic  schists,  the  Yermilion 
series,  as  above  described,  illostrate  this  metamorphism.  The 
gneisses  into  which  the  Vermillion  schists  pass  conformably, 
downward,  also  illostrste  it  perfectly.  All  other  rooks  whose  min- 
erals are  changed  by  weathering,  from  the  crystalline  condition  In 
which  they  were  when  the  rocks  were  formed,  may  be  styled  al- 
tered rocks.  Here,  however,  there  is  danger  of  assuming  a  con- 
dition to  have  prevailed  in  a  large  class  of  rooks  that  have  been 
mnch  studied,  which  the  facts  wilt  not  prove  to  have  been  their 
condition.  I  refer  to  the  greenstones  and  the  green  sohists,  as  a 
gronp,  although  there  are  plainly  unimportant  portions  of  these 
green  rooks  which  should  be  excepted. 

Again,  there  is  a  tendency  among  those  who  have  been  familiar 
with  the  structures  of  sedimentary  rocks,  on  the  one  hand,  to  carry 
their  ideas  of  sedimentary  etructore  too  far,  and  to  make  all  the 
"parallel  struoturea"  which  thev  see  pervading  the  crystalline 
rocks,  so  many  modified  forms  of  sedimentary  structure;  and  on 
theotlier  hand  a  class  of  geologists  who  have  beoome  familiar 
specially  with  the  atraotnres  that  crystalline  rocks  may  be  made 
to  assume  under  pressure  and  partial  fracture  causing  the  schistose 
arrangement  of  the  entire  mass,  have  been  inclined  to  sal>ordinate 
to  meohanioal  causes  acting  subsequent  to  solidification,  all  those 
"parallel  strnotures"  which  they  may  discover  in  s  crystalline 
rock,  however  plainly  they  may  have  originated  from  sedimenta- 
tion. To  one  class  of  observers,  however  many  mistakes  they  may 
fall  into  in  interpreting  all  these  stractares  as  due  to  sedimenta- 
tion, the  terms  baiiding,  laminatioD,  schistose,  gneissio,  sedimen- 
tary stmcture,  cleavage,  &o.,  all  mean  fundamentally  the  same 
thing,  and  with  great  ooufidenee  sometimes  they  make  out  a  "syn- 
clinal "  structure  for  a  great  area,  and  have  no  more  basis  for  it 
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than  a  eaperficial  synclinal  arrangement  of  the  slaty  cleavage. 
To  the  other  dasa  of  observers,  however  great  the  apparent  absnr- 
ditiea  into  which  they  may  fall,  these  stmctares  signify  equally 
bnt  one  thing.  They  extend  an  observed  reenlt,  viz.,  sohistoae  or 
slaty  cleavage,  a  product  of  preesnre  and  ehearing  in  a  rook  mass, 
not  only  so  as  to  destroy  its  trae,  normal  significance,  bnt  also  so 
as  to  include  stmctares  that  are  known  to  be  produced  only  by 
sedimentary  forces — they  attribute  to  pressure  and  dynamic  meta- 
morphism  all  the  banding  and  stratification  which  some  crystal- 
line rocks  so  plainly  manifest  Thme  terms,  therefore,  at>out  the 
significance  and  applicability  of  which  so  much  tias  been  written, 
have  come  to  be  the  weapons  which  either  party  may  use  with  per- 
fect success,  so  long  as  they  have  no  definite  meaning.  It  is  plain 
that,  in  order  that  either  one  or  the  other  party  shall  finally  pre- 
vail the  diatinctions  which  should  mark  these  terms  when  oorreotly 
applied,  must  be  ignored,  and  as  far  as  possible  broken  down. 
The  plutonist  is  inclined  to  ignore  all  the  evidences  of  sedimentary 
structure  in  these  questionable  rooks,  knowing  that  he  has  a  firm 
starting  point  in  his  argument,  and  he  ruthlessly  drives  the  ex- 
treme of  his  argument  into  oonfiict  with  a  set  of  important  facts 
and  struotures  coming  from  another  direction.  The  neptamst, 
starting  from  an  equally  firm  datum,  with  his  eye  only  on  on«)  re- 
sult, following  his  bent  with  equal  rashness,  finds  himself  soon 
beset  with  such  problems  and  snares  that  he  wantonly  assails  or 
denies  evidence  which  is  as  valid  as  that  which  formed  his  point 
of  departure.  There  must  be  certainly  some  middle  ground. 
There  must  be  some  signifioanoe  for  these  terms  which,  when.care- 
fully  adhered  to,  will  prevent  one  truth  from  apparently  clashing 
against  another.  To  adjust  thes^  ditferenccs  by  a  consistent  ose 
of  these  terms,  seems  to  be  the  most  reasonable  first  step.  It  can- 
not "be  denied  that  there  is  such  a  thing  as  sedimentary  bedding 
and  banding,  but  this  should  be  followed  only  so  far  as  it  can  be 
distinguished  as  such,  leaving  all  beyond  to  some  other  possible 
explanation.  There  is  also  with  equal  certainty,  suoh  a  thing  as 
a  "diabasio  structure,"  i.  e.  a  stmctare  resulting  from  crystalliza- 
tion from  a  molten  nu^ma,  and  so  far  as  it  can  be  followed,  with- 
out essential  modification,  it  ought  to  be  allowed  its  full  force. 
When  its  typical  characters  fade  out,  and  the  rook  may  possibly 
be  ascribed  to  a  different  cause,  it  is  unfair  forcing  of  the  evidence 
to  insist  that  the  "  diabasio  structure,"  feebly  'disoeroible,  shall 
interpret  the  whole  rook  mass  if  the  mass  exhibits  any  other  ad- 
verse structures. 
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In  the  field  it  is  very  easy  to  dietinf^aiBh  a  true  aedimentaiy 
baiidiiig(l)*  from  all  thoee  other  strnotTires  into  which  it  has  been 
snppoaed  to  gradoate,  and  with  which  it  has  been  oonfonnded.  On 
the  weathered  sorfaoe  it  is  indicated  by  varying  shades  in  the 
color-bands  that  ofosb  the  surface,  and  on  dose  examination  it  will 
be  found  to  exhibit,  in  the  different  bands,  or'  beds,  which  may  be 
of  aoy  thickness  from  a  sixteenth  of  an  inoh  to  seTeral  inches  or 
several  feet,  not  only  a  difference  in  the  sizes  of  the  constituent 
grains,  bat  {generally  a  difference  in  the  relative  abundance  of  the 
same.  Usually  free  quartz  grains  will  be  found  more  common  in 
some  of  the  bands  thau  in  others,  giving  rise  to  lighter  colored 
and  harder  layers.  It  bo  happens  that  very  frequently  the  upheav- 
ing forces  which  have  caused  the  strata  to  exhibit  their  truncated 
edges,  have  at  the  same  time  sabjected  them  to  Buoh  preesnre,  in  a 
parallel  direction,  that  the  some  roeks  exhibit  a  finer  slaty  cleavage 
parallel  with  this  sedimentary  stmotare,  and  ae  the  process  of 
weathering  brings  out  the  slaty  cleavage  oonspicnon^T,  while  the 
original'  bedding  may  become  obscure,  in  case  the  cleavage  direc- 
tion gradually  becomes  discordant  with  the  bedding  the  observer 
is  liable  to  follow  the  cleavage  in  his  measurements  of  dip  and 
strike,  under  the  impression  that  the  two  etmotaies  are  essenti- 
ally concordant  This  stnictare  which  is  due  to  sedimentation 
has  another  characteristic,  viz:  The  coarseness  observable  in  any 
chosen  layer  of  the  rockmaes  will  be  found  to  change  gradually  to 
one  of  considerable  fineness,  (and  vice  versa)  in  crossing  the  struc- 
tare  perpendicularly.  There  may  be  abrupt  transitions  from 
coarse  to  fine,  or  from  light  to  dark,  but  these  are  not  so  sure  eri- 
denoes  of  sedimentary  action  as  those  gentler  transitions  which 
sedimentary  materials  take  on  under  the  gently  changing  force  of 
currents.  These  color-bands  will  be  found  to  maintain  their 
courses  iodependent  cf  all  other  strnctures,  and  when  they  are 
not  parallel  with  the  schistose  structure  or  with  the  slaty  cleavage, 
the  schistic  structure  and  the  cleav^e  will  be  seen  to  take  on 
varying  characters  from  layer  to  layer,  as  they  cross  the  sedimen- 
tary beds.  In  general,  the  slaty  cleavt^e  ( as  well  as  the  schistose 
strnotiire)  ceases,  or  becomes  less  and  less  evident,  on  entering 
the  coarser  beds.  Indeed  it  appears  to  be  a  general  principle  that 
slaty  cleavage  only  occurs  in  clastic  beds  of  very  fine  grain.  Clae- 
tic  beds  that  have  great  uniformity,  through  great  thicknesses, 
both  in  composition  and  in  fineness  of  grain,  when  subjected  to 
great  pressure  in  two  or  more  directions,  and  especially  if  a  shear- 
ing movement  be  produced  in  the  mass,  take  on  a  schistose  stroc- 


'^o.  1,  ol  the  Bbui«  on  page  10. 
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tnre  (2).  This  oooBiete  in  an  initial  prodoctiou  of  Blaty  olesTage  in 
two  or  more  direotiouB,  ontting  tlie  rook  into  rbomboidal  masBes  of 
greater  or  leee  fineueBB.  Theee  rbombg  may  then  be  more  and 
more  elongated  in  a  oniEorm  direotioD.  all  the  oonetitaent  grains 
suffering  a  slight  distarbanoe  and  sometimea  fraotoring  in  situ, 
some  of  the  finer  grains  or  fragments  streaming  ont  into  tails  io 
the  lea  of  the  coarser  grains.  When  the  stretching  is  extreme 
there  is  apparent  a  pseado-^treamed  structure,  and  eTen  a  close 
pseudo-basaltic  jointage,  which  gives  the  apparently  onoe  plastic 
mass  a  great  resemblance  to  tme  irrnptiTe  (plntonio)  rook.  This 
dynamic  action  results  at  first,  of  coarse,  only  in  a  partial  destrao- 
tion  of  the  integrity  of  the  rock,  and  of  its  embraced  mineral  grains, 
and  so  far  as  it  ceases  before  sufficient  heat  ie  prodoced  or  oon- 
oentrated  to  reconstruct  the  minerals,  it  ie  entirely  a  degrsdational 
process,  and  fits  the  rocks  so  affected,  better  for  the  deatraotive 
action  of  the  elements.  A  very  great  difference  is  observable  in 
those  casas  in  which  the  shearing  movementB  were  saflioiently  in> 
tense  to  caoae  fosion,  or  to  cause  a  reoonstraotion  in  part  or  in 
whole,  of  the  minerals  of  the  rook.  (3)  This,  however,  is  a  phase  of 
the  snbject  which  will  have  to  be  considered  separately.  I  desire 
here  only  to  call  attention  to  one  important  fact,  which  distin- 
gaishee  the  schistose  structure,  and  slaty  cleavage,  wherever  pro 
dnoed  in  massive  rocks,  from  the  sedimentary  structure  already  de- 
scribed, viz:  There  is  no  traasference  of  the  oonstitaent  grains 
aoroaa  ike  structure,  and  uo  selection  of  the  coarser  or  of  the  more 
siliceoas  portioDS  and  the  arrangement  of  them  in  separate  and 
continuous  bands  or  sheets  that  show  any  parallelism  like  that  of 
sedimentation.  Indeed  when  the  two  structures  are  seen  to  cross 
each  other,  they  are  always  very  different,  and  they  are  invariably 
contrasted  in  this  particular.  As  these  three  strnctores — or  more 
correctly  these  two,  since  schistosity  is  an  extreme  and  confused 
development  of  cleavage — have  so  widely  different  origins,  and  can 
be  distinguished  by  so  obvious  a  character,  no  competent  observer 
ought  to  oonfooQd  them,  and  in  the  choice  of  terms  he  ought  al- 
ways to  lestiict  each  to  its  proper  object 

These  two  structures  are  both  found  in  nearly  all  the  crystalline 
terranes,  the  only  exceptions  being  those  rocks  which  are  plainly 
the  result  of  cooling  from  fusion  (4),  which  constitute  only  a  subor- 
dinate part.  The  schistose  straoture,  in  some  form,  pervades  all 
the  Archean  complex,  including  also  the  irruptive  rocks,  although 
it  ie  plain  that  its  origin  in  the  irruptive  rocks  which  have  invaded 
the  fragmental,  is  of  later  date  and  its  development  necessarily 
less  perfect,  than  in  the  fragmentals  themselvea     It  here  takes  on 
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tiie  {oTm,eometiinea, which  is  more  freqoently  denominated  gneisBic, 
SB  it  is  foand  in  some  of  the  cryBtslliDe  msBBiVee.    Beference  is 

not  mEule  here  to  b  trae  interBheeted,BedimeDtary8tractare(l),  euoh 
u  ohaTBoterizeB  the  mica  horoblendio  Bohistsand  the  gneiBsee  into 
vhioh  they  ^adnally  phbs — sedimentary  rooks  re- crystallized  m 
situ — but  to  a  homogeneouB,  or  nearly  homogeneoas,  acid  tock, 
evidently  the  result  of  orystallization  from  a  molten  or  plsBtio  con- 
dition, olassed  as  granite  or  syenite  ordinarily,  or  as  simply  gneipe. 
ID  which  there  ia  a  roughly  parallel  strnotare  in  the  masa,  caused 
by  the  elongation  of  the  mineral  oryBtals  all  in  the  same  direction(6). 
Thia  IB  a  very  feeble  "sohJBtoBe^'  fltmctore,  and  onght  to  be  sepa- 
rated from  the  term  entirely,  as  it  ia  due  apparently  to  another 
oanse,  viz.:  »  elight  dazioD  in  the  mass  while  the  crystals  were 
forming.  Again,  the  granites  carry  this  "gneiseic"  etmctnre  to  a 
still  greater  development,  and  it  is  apparently  some  Torm  of  the 
same  which  ie  seen  in  a  kind  of  foliation  (6)  by  which  they  are  sepa- 
rable into  irregular  layers  or  sbeete  from  an  inch  to  three  cr  foar 
inches  thick.  This  foliation  differs  from  the  gneisBic  stmctare 
already  described,  in  haviog  a  bedded  rifting,  which  beoomes  con- 
epicnoos  on  weathering  and  which  embraces  large  areas  in  a  com- 
mon strike  and  dip— while  at  the  same  time  the  layering  is  not 
attribatable  to  sedimentation,  of  which  it  does  not  show  the  char- 
acteristlo  oolor-bands,  and  the  peculiar  intei^adations  of  coarse- 
nesa  and  fineness.  This  higher  development  of  the  gneissic 
stmctDTe  may  be  attribated  at  present  to  Bnocessive  applications 
of  heat  at  different  temperatares  or  to  finidal  flowage  while  the 
mass  was  molten  or  plastic,  although  it  has  been  taken  very  largely 
to  be  the  remains  of  an  original  sedimentary  stmotnre.  Its  oanse 
is  still  problematic 

In  respeot  to  the  diabasio  or  ophitic  structure  in  basic  eruptive 
rocks,  when  it  is  well  exhibited  there  are  perfectly  formed,  lath- 
sh{4>ed  plagioolase  crystals  dissemiuated  among  the  imi>erfectly 
formed  other  orystals  of  the  ground  mass.  This  structure  rarely 
appears  in  the  granitoid  acid  rooks.  When  It  does,  porphyritio 
crystals  of  orthoolase  with  idiomorphic  outlines,  are  surroonded 
eitiier  by  a  micro-pegmatite  of  quartz  and  feldspar  or  by  a  finer 
crystallization  of  all  the  regular  minerals  that  oonstitnte  the  rock. 
In  either  olaee  of  rocks  this  structure  is  considered  one  of  the 
sorest  eviddncee  of  the  igneous  origin  of  the  rook.  The  amygda- 
loidal  stmctare,  which  is  produced  by  superficial  cooling,  is  also 
one  of  the  original  characters  of  igneous  rooks,  although  there  is 
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prodooed  in  sedimentary  strata*  aometimes,  when  intensely  afCeoted 
by  heat  and  preasare,  bat  not  reaofaing  Ension,  a  spottedness,  and 
even  a  partial  Tesionlarization  in  which  certain  minerals  are  s^re- 
gated,  which  strongly  resembles  the  trne  amydaloidal  stractnre  of 
igDeoQB  rooks. 

It  the  foregoing  principles  be  applied  to  the  various  forms  of 
strnotore,  and  the  terms  as  defined  above  be  employed  to  express 
them,  there  might  be  constmcted  a  tabulated  embodiment  of  this 
terminology  which  would  take  the  form  seen  on  p.  17.  In  this  table 
the  usaal  characters  due  to  weathering  and  final  disintegration, 
and  to  kaolin ization,  are  not  inolnded.  The  table  is  designed  only 
to  express  those  structures,  both  original  and  secondary,  which  the 
Archean  sedimentary  and  igneous  rocks  are  found  to  assume  in 
the  field,  and  to  ascritie  to  each  struotore  its  canse,  and  some  of 
its  relationg  to  other  stractares. 


FIG.  1.     STRUCTURE  OF  CRYSTALLINES  ROCKS. 


,    7    T   .T, f.^ J 


•Parker  Cleaseland  stated  In  1822  that  the  amygdaloldal  structure  IH  sometlmea 
een  In  beddud  aud  clayey  rookh,  or  "Indurated  ferruglnouB  clay."  "An  elomeBtary 
reatlne  on  nilneraloyy  »nd  neology."— Vol.  ii.  P-  T63. 
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Id  what  follows  we  shall  employ  these  terms  as  here  defined. 
We  must  insist  on  the  actuality  and  the  validity  of  both  of  these 
cbaracteristio  stractures  as  they  appear  in  their  original  rooks, 
i^  e.  on  a  sedimentary  stractnre  and  on  an  igneoas  Btractore, 
beoaose  it  is  impossible  to  deny  the  existence  of  either,  and 
wherever  these  contradictory  strnctnres  appear  to  exist  cotempo- 
raneonsly  in  the  same  rock-mass,  we  shall  try  to  find  Bome  means  of 
reooDoiling  the  contradiction,  or  to  show  that  the  eapposed  exist- 
ence of  both  ia  doe  to  either  an  incorrect  initial  underlying  phil- 
oflophy,  or  to  mistaken  obserration. 

OOHPABATIVE  TALQi:  OF  UICBOSCOPIC  AND   FIELD  EVIDENCE. 

There  is  an  eesential  difference  between  the  evidence  de- 
rivable from  the  microscope  and  that  which  cornea  from  the 
stady  of  the  rooks  in  the  field.  At  firtt  glance  it  would  aeem  that 
there  could  be  no  misanderstanding  of  the  natare  and  relationa  of 
this  different  evidence,  but  here  is  where  ODe  of  the  fundamental 
errors  has  been  committed.  It  is  in  the  nature  of  the  problem 
involved  in  the  study  of  the  complicated  stmctoreB  and  relationa 
of  some  of  the  Arcbean  rocks,  that  the  difference  between  the 
mioroBcopic  evidence  and  that  derived  from  their  maoro-atructnre 
ahall  gradually  fade  out,  and  that  one  or  the  other  ahall  usurp  the 
whole  field.  This  has  already  been  alluded  to.  It  is  plain, 
therefore,  that  the  two  inveatigatora,  one  following  microaoopic 
and  the  other  field  evidence,  on  a  ceriain  line  of  observation,  would 
certainly  reach  a  point,  where,  in  reapect  to  a  certain  atructure,  or 
a  certain  rock-maae,  they  would  be  at  point-blank  disagreement. 
That  is,  to  the  question:  Is  this  a  sedimentary  rockf  One*  would 
answer  yes,  and  the  other  would  answer  no.  It  is  in  such  a  case 
as  this  that  there  ia  need  of  examining  into  the  underlying  prin- 
ciplea  through  which  these  different  reaulta  may  have  been 
reached. 

It  ahould  be  observed,  at  the  outaet,  that  the  microaoope  takes 
cognizance  of  the  intimate  atructure  of  the  rock.  Of  itself  it 
cannot  observe  the  macro- atruotnre,  nor  know  anj^^hing  about  it. 
It  cannot  of  itself  take  note  of  Btratifioatiou  nor  of  achiatoaity  nor 
foliation.  These  are  objects  for  the  atudent  of  field  relations,  i.  e., 
as  to  their  existence  or  non-existence.  On  the  other  hand,  the 
field  observer,  of  equal  capacity  and  veracity,  takes  no  notice  of 
the  intimate  structure — or  only  ao  far  as  the  unaided  eye  can 
detect  it — and  derives  his  conclusions  from  characters  which  are 
obvious.  In  each  line  of  observation,  the  experienced  obaerver,  or 
the  specialiat  in  the  microaoopic  phenomena  studied,  should  be 
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allowed  to  have  bis  ovn  way.  His  determination  of  tlie  qaeBtiong 
Biinog  within  the  normal  sphere  of  his  observation  should  be 
allowed  to  stand.  It  is  only  when  one  or  the  other  transgresses 
the  limits  of  his  specialty  that  his  oonolosious  may  be  questioned 
is  ease  of  oonfliot.  If  the  field-observer  extends  his  theories  of 
sedimentary  stmctoroB,  either  original  or  modified,  beyond  the 
limits  of  sotoal  observation,  in  contrsvention  of  the  oonolnsions  of 
the  mioroBOopist,  his  theories  mast  give  way  to  those  of  the 
microsoopist.  If  the  microsoopist  extend  his  theories  beyond 
the  limits  of  his  domain,  and  attempts  to  draw  oonolnsions  as  to 
megasoopio  oharacters,  or  physical  strnotare,  in  contravention  of 
the  determinationB  of  the  field-geologist,  he  is  equally  oateide  of 
his  legitimate  sphere,  and  his  results  oannot  stuid  ag^pst  those 
of  the  field-observer.  This  is  not  intended  to  shut  out  any 
individual  geologist  from  exercising  the  right  to  employ  any  and 
all  lines  of  research  for  the  solution  of  all  the  problems  that  he 
has  to  solve.  It  is  only  intended  to  call  attention,  to  the  different 
spheres  and  qualities  of  the  different  kinds  of  evidence,  whether 
these  kinds  and  spheres  be  in  the  hands  of  different  geologists,  or 
both  in  the  hands  of  the  same  geologist.  Indeed  it  is  the  individ- 
ual geologist,  generally,  who  handles  both  these  sorts  of  evidence, 
who  is  driven  to  .weigh  them  oarefnlly  and  to  separate  between 
them  when  they  oollide.  It  is  for  the  satisfaotiou  of  the  individ- 
ual geologist  that  this  contradictory  testimony  must  be  examined 
into,  and  each  given  it«  legitimate  weight 

Now  the  existence  of  a  sedimentary  structure  in  a  rock  is  one  of 
those  outward,  megasoopio  oharaoters  which  the  field-geologist 
only  can  be  allowed  to  pronounce  upon  with  authority.  The 
structure  itself  in  any  normal  case  is  so  evident  that  none  will 
doubt  its  existence — the  doubt  that  arises  in  any  special  case  is 
that  of  its  genesis,  and  hence  whether  the  case  in  hand  be  a  true 
sedimentary  strnctura  The  field-geologist  can  perchance  trace 
the  structure  back  by  degrees  to  rooks  that  show  it  in  unquestion- 
able perfection.  He  oannot  deny  the  testimony  of  his  senses.  The 
microsoopist,  on  the  other  hand,  may  have  followed  his  minute 
characters  with  equal  assurance  till  they  have  been  traced  into 
this  baitded  rook  and  he  now  affirms  that  this  is  not  a  true  sedi- 
mentary structure,  but  is  one  produced  on  originally  irruptive  rook 
by  secondary  causes,  such  as  pressure,  shearing  or  brecciation  in 
parallel  lines,  followed  by  substitution  of  greater  amounts  of 
quartz  along  the  planes  of  brecciation.  That  there  are  cases  of 
such  oontrariety  of  opinion  there  is  no  question  among  the  geolo- 
gists who  have  worked  among  the  crystalline  rocks.    We  presume 
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heie  a  case  in  which  the  observers  are  both  oompetent  and  relia- 
ble, and  whose  veracity  and  jadgment  no  one  would  willingly  •call 
in  question.  It  is  evident,  however,  that  one  or  the  other  is 
wrong.  It  is  the  desideratom  here  to  determine  which  is  correct 
It  would  seem  to  be  a  fair  adjostment,  other  things  being  eqnal, 
to  sltow  each  observer  in  his  own  special  field  to  have  his  own 
way.  It  is  pertinent  then  to  inquire  whether  the  field-geologist  or 
the  miorosoopist  is  here  trespassing  beyond  the  limits  of  his  legit- 
imate field,  and  usnrping  functions  that  do  not  belong  to  him. 
The  grand  struotares  of  a  rook-mass  are  observable  and  oompre- 
hensible  by  all  observers,  and  they  cannot  be  misnamed,  nor  can 
their  significance  be  reversed  by  anyone.  They  cover  and  precede 
all  minu^r  inspection  by  the  microscope.  They  cannot  be  denied 
by  the  microsoope.  If  the  mioroscopist  by  a  laborious  course  of 
observation  and  speculation  reaches  a  conclusion  that  contravenes 
the  oonolusioDB  correctly  based  upon  the  grand  rook  structures,  the 
microscopic  conclusions  must  give  way  or  must  be  amended  eoasto 
agree  wiUi  the  truth,  which  is  evident  to  everyone  or  which  is  the 
result  of  study  of  patent  facta  oorrectiy  interpreted.  In  the  same 
manner  sometimes  the  paleontologist  exalts  bis  results  above  those 
of  the  student  of  physical  structure  and  denies  some  of  the  most 
obvious  truths  of  geological  succession.  He  forgets  that  paleon- 
tology is  nothing  unless  it  be  preceded  by  stratigraphy,  and  that 
ODlese  there  be  a  predetermined  order  of  succession  in  rock  masses, 
hie  paleontological  results  ooi^d  not  be  arranged  ae  historical 
data.  In  the  same  manner  that  stratigraphy  involves  and  governs 
paleontological  reasoning,  so  does  the  macro-physical  stractare  of 
crystalline  rocks  govern  and  involve  the  study  of  their  micro- 


Now  let  us  take  a  concrete  case.  Unfortunately  the  differences 
which  formerly  separated  the  platonist  from  the  neptnnist  have 
not  been  reduced  materially  by  concession  and  by  demonstration 
of  error,  on  one  side  or  the  other,  to  any  limited  group  of  rocks. 
Therefore  we  may  take  our  concrete  example  from  the  so-  called 
greenstones,  which  is  a  class  which  exists  in  nearly  all  parte  of  the 
world  where  the  Arohean  rocks  prevail.  We  will  choose  a  rock 
which  manifeste  one  of  the  structures  whose  origin  is  in  dispute 
between  the  microsoopiet  and  the  physicist,  viz: 

1.       ACOORDINQ    TO   THE    MICRO 8COPI8T. 

A  rock  alternately  scfaietoBe  and  massive;  the  schistose  sheets 
being  much  more  broken  and  decayed,  in  their  granular  etructore, 
than  the  massive  sheets,  and  having  a  distinct  parallelism  in  the 
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direction  of  the  coustitnent  grains,  with  the  opbitic  straoture  com- 
pletely loet;  the  masBive  sheets  being  of  more  perfect  and  erident 
cryetallinA  integrity,  and  having  the  schigtoBe  arrangement  aeen  in 
the  granular  condition  of  the  schietose  sheets  only  faintly  observ- 
able, while  there  ia  preserved,  with  more  or  less  distinctnees,  an 
oooasional  trace  of  the  ophitio  stroctare.  These  features,  as 
they  alternate,  prodace  on  the  surface  of  the  rook  a  parallel  band- 
ing resembling  stratification  bands. 

2.      AOCOBDINO   TO   THE   FIELD-OBaERTER. 

A  stratified  greenstone,  alternately  striped  by  bands  of  lighter 
and  darker  green.  The  schistose  cbaracteT,  which  sometimes  is 
rather  a  slaty  cleavage,  is  more  evident  in  the  finer  beds  than  in 
the  coarser  ones,  or  wholly  disappears  in  the  latter.  It  does  not 
agree  in  direction  with  the  coarse  of  the  stratification  bands,  but 
crosses  them  at  an  acate  angle  which  angle  vanishes  as  the  finer 
beds  grade  into  the  coarser,  also  changing  a  little  in  direotion  bo 
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as  to  approach  nearer  perpttndioalarity  to  the  grand  bedding— 
Bhowing  apparently  a  shearing  pressare  to  have  been  itd  oaoBe. 


The'  straotaree  here  referred  to  are  illastrated  by  the  aboTe 
fignres,  vhich  are  token  from  bnlletin  Mo.  62,  of  the  U.  S.  Geol. 
Borrey  ( WilliamB),  where  they  are  referred  to  dynamic  metamor- 
phiam  and  are  said  to  be  in  no  way  dependent  on  BedimeDtation> 
These  figorg^  ooold  be  repeated  many  times  in  the  oooise  of  a 
brief  examination  in  the  field.  These  cases  present  the  I'ssnes 
fairly.  It  remains  to  be  decided  whether  the  testimony  of  the 
stadent  who  reliee  on  his  microscope,  and  starts  oat  with  the 
idea  of  snbordinatiag  his  facts  to  the  answers  it  may  give,  or  that 
of  the  field'Obserrer,  who  only  stadias  the  grander  stractores  and 
has  a  predisposition  to  explain  sach  as  the  foregoing  by  referring 
them  to  sedimentation,  shall  here  be  received  with  the  greater 
credence. 

.    THE  PHIL030FHI  OF  DTNAMIC  HETAMORFHIBM. 

It  has  been  stated  already  that  the  term  metamorphism  is  ap- 
plicable to  these  rooks  whose  oonstitaont  grains  have  been  recon* 
stmcted  by  a  second  crystallization  by  the  action  of  heat,  preesnre 
and  moistore,  a  process  the  reverse  of  weathering,  by  which 
mineral  grains  undergo  a  degradations!  change.  Bat  the  term  "  dy> 
namio  metamorphism"  has  been  applied  extensively  to  a  set  of 
changes  that  do  not  fall  within  the  meaning  of  metamorphism  as 
'  thns  defined.  It  has  been  employed  to  explain  the  stractnres  seen 
in  the  greenstones,  snch  as  schistosity,  color-banding,  foliation, 
and  also  all  those  minate  imperfections  in  form,  and  the  chemical 
transitions  that  the  minerals  of  the  greenstones  exhibit.  Horn- 
blende wholly  or  partly  converted  to  chlorite,  is  a  degradational 
change.     Sanssoritization,  a  decay  in  a  plagtoclose  feldspar,  is  a 
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degradational  oliange.  Aagite  converted  to  hornblende  is  a  step 
toward  ultimate  disintegration  and  decay;  ilmenite  changed  to 
lencoxene,  or  to  aphene,  ia  on  the  road  to  decomposition  and  Iobb. 
Orthoolose  kaolinized  ia  ready  to  disappear  on  the  approach  of  the 
feeblest  physical  distarbanoe.  These  alteratione,  all  of  which 
in  other  rook-masses  are  attribatable  without  question  by  any  one 
to  weathering  and  destntctiTe  agents,  are  assigned,  as  stated  by 
some  mioroscopists,  to  "dynamic  metamorphism,"  which  therefore 
voald  be  s  metamorphism  in  the  opposite  direction  from  that 
which  is  osoally  onderstxtd  by  the  term.  There  is  no  inherent 
valid  objection  to  the  aae  of  the  term  in  this  sense,  so  long  as  it  ia 
clearly  anderatood  what  kind  of  a  change  is  meant  by  it.  The 
most  important  point  to  be  considered  in  the  application  of  the 
term,  is  whether  the  assamed  oaaBC:  if  it  should  be  found  to  have 
operated,  ooald  prodnoe  the  effects  which  are  seen,  and  whether  it 
is  the  only  cause  which  ooold  prodaoe  those  effects.  The  forces  of 
dynamic  metamorphism  as  defined  and  applied  are  wholly  me- 
chanical and  then  chemical.  Heat  and  moisture  are  not  included. 
Shearing  pressure,  direct  pressure,  stretching  and  fracture  are  all 
appealed  to. 

There  seems,  however,  to  be  an  apn'ori  inconsistency  in  snppoe. 
iug  that  mechanical  force  can  be  applied  in  aufficient  intensity  to 
crush  or  partly  crush  a  rock-mass  and  yet  not  to  produce  a  per- 
ceptible degree  of  heat  And  there  is  much  room  to  doubt  the 
possibility  of  such  crashing  in  any  natural  rook-mass  within  the 
super  cmati,  withont  the  presence  of  moisture.  While  it  is  appar- 
ent on  every  band  that  great  deformations  have  taken  place  under 
the  action  of  mechanical  forces,  producing  upheaval,  stretching, 
faulting,  breociation,  cleavage  and  schistosity,  it  is'  equally  appar- 
ent that  where  these  changes  have  taken  place  in  their  greatest 
intensity  the  rocks  have  been  fused  and  recrystallized;  many  ex- 
amples ooald  be  given.  Hence  it  is  evident  that  where  these  forces 
have  acted  to  produce  less  mechanical  deformation,  there  was  a 
smaller  amount  of  developed  heat,  but  not  an  absence  of  it.  If  me- 
chanical force  be  applied  therefore  to  a  rook-mass,  with  shearing 
friction  so  as  to  disturb  the  grains  in  respect  to  each  other  or  to 
crush  some  of  them,  the  inevitable  effect  of  the  heat  which  is  gen- 
erated thereby  ia  not  a  degradational  one,  but  a  reconstructive  one, 
and,  aside  from  the  more  easy  weathering  that  might  be  a  conse- 
quence when  sooh  rocks  were  exposed  locally  to  the  action  of  the 
elements,  the  crystal  graios  would  be  strengthened  in  their  chemi- 
cal bonds,  and  perhaps  built  oat  afresh  in  their  natural  contours. 
If  a  degradational  change  be  g'enerally  observed  throughout  the 


_.,.aglc 


24  IWEKTIETH   AKNOAL  BEPOBT 

interior  of  aaoh  rockB,  it  is  aoreasonsble  to  sttribate  it  to  meobaui- 
cal  force  per  se  operating  to  brdak  the  graing.  It  mast  be  ex- 
plained by  appealing  to  some  other  cause. 

Again,  the  philosophy  of  dynamic  metamorphism,  if  not  at  faalt 
f  audameutally,  mast  explain  a  singnlar  anomaly.  The  greenstones 
as  a  body  everywhere  are  yoanger  than  the  crystalline  schists  as  a 
body,  bat  they  grade  into  each  other  imperceptibly,  passing 
throngh  the  intermediate  stages  of  serioitic  schists  and  gray  waokes. 
The  greenstones  and  their  appendages,  the  chloritio  schists,  mast 
have  shared  in  no  mechanical  transformations  to  vhich  the  nnder- 
lying  crystalline  schists  were  a  stranger.  It  would  be  a  physical 
impossibility  to  subject  the  overlying  sohisto  as  a  body  to  dynamic 
metamorphism,  (pressure,  shearing  and  crushing)  without  inctnd- 
ing  the  lower  schista,  and  if  the  forces  of  dynamic  metamorphism 
be  aocoantable  for  the  semi-decayed  condition  of  the  "greenstones," 
why  was  not  that  change  wrought  also  in  the  crystalline  schists? 
On  the  contrary  the  crystalline  sohists,  normally,  are  f  ally  and 
perfectly  crystalline  still — as  perfectly  crystalline  as  any  granite 
or  gneiEB,  only  difFering  from  the  great  mass  of  the  Archean  gneiss 
in  physical  atractare,  or  in  the  relative  amoants  of  the  contained 
minerals. 

THE  AHOHALOtm  OHAJtACTEBS  OF  THE  GREENSTONES  AND  THE 
GBEBN  SOHISTS. 

No  thoaghtfal  student  of  the  crystalline  rocks  can  fail  to  note, 
as  long  since  claimed  by  T.  Sterry  Hant,  an  order  of  soecesBion  in 
the  relative  abandance  of  certain  minerals  that  constitute  the 
Archean  rock-masBes.  He  hence  also  notes  an  order  of  saccession 
of  kinds  of  rocks.  In  Minnesota  this  order  has  been  found  to  be 
the  same  as  that  worked  out  in  Saxony,  Italy,  western  France, 
Scandinavia  and  Great  Britain.  The  same  auocession  has  been 
pnblished,by  Lawsoa  for  the  crystalline  rocks  of  Manitoba.  In 
each  case  there  is  a  body  of  grnenBtones,  asBooiated  with  chloritio 
and  sericitlo  schists,  which  forms  the  summit  of  the  Archean  ter- 
rances.  In  other  words,  it  has  been  toand  that  there  is,  first,  a 
great  series  of  acidic  crystalline  granites  and  gneisBes  at  the  bot 
torn,  these  sometimes  exhibiting  unmiBtakable  evidence  of  fusion 
and  displacement  among  later  bedded  Bchisls,  and  hence  locally 
overlying  the  schiBta.  These  thoroughly  crystalline  rooks  are 
followed  by  a  series  of  equally  crystalline  schistB  which  contain 
much  mica  and  hornblende,  and  vary  from  acidic  to  basic.  In  the 
upper  portions  of  these,  which  are  here  distinctively  called 
"crystalline  schists,"  there  is  an  increasing  amount  of  non-crystal- 
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line,  or  semi-cryBtalline,  matters,  aod  here  the  detritos  has  been 
fon&d  to  consist  very  largely  of  unmistakable  voloanic  taffs,  inter- 
mingled minately  with  chemically  precipitated  silica.  Somewhat 
higher,  but  oonneoted  by  a  seriee  of  conformable  gradations,  both 
stratigraphic  and  petrographic,  are  the  greenstones  and  chloritio 
schists.  So  far  as  known  these  ooDstitate  the  highest  portion  of 
the  pre-Taoonic  complex.  As  a  grand  division  of  the  Archean  they 
approach  nearest  of  all  the  AroheaD  rooks  in  their  mineralogic 
charaotsrs,  as  well  as  in  their  physical  stractares,  to  the  well- 
known  characters  of  basic  emptives.  It  is-  a  remarkable  fact 
that  the  first  detrital  depositions  of  the  Taconio  sea,  which  lie  an- 
oonformable  atwve  these  greenstoDes  and  chloritio  schists,  and 
which  extend  farther  back  and  also  overlap  in  the  same  manner  the 
crystalline  schists  and  the  older  gQeisses,  are  highly  acidic  nor- 
mally, although  affected  locally  by  debris  referable  directly  to  the 
rook  nnderlying  or  to  volcanic  toffs.  It  appears,  therefore,  that 
the  greenstones  are  interposed  with  their  aoomaloas  mineral 
characters,  chronologically  between  two  epochs  whose  rock-forma- 
tions were  dominated  by  more  acidic  oharaotera  It  appears  also 
that  on  the  lower  side  there  is  a  gradaal  transition  from  the  oldest 
acidic  into  this  highly  basic,  bat  that  on  the  npp^r  aide  the  trans- 
ition is  abmpt  from  the  highly  basic  to  the  highly  acidic  accom- 
panied by  a  widespread,  prononnoed  anoonformity  of  strstigrapby. 
It  is  this  general  semblance  of  the  greenstones,  as  a  body,  and  the 
identity  of  some  portions  of  them  actually,  with  well-known 
characters 'of  ernptive  diabases,  which  fnmishea  the  most  evident 
and  powerftd  argument  for  their  derivation  from  tme  irraptivps 
throngh  a  seriee  of  long-oontinned  so-called  "dynamic"  changes, 
and  which  is  the  chief  obstacle  to  the  neptanist  in  his  attempt  to 
assign  them  to  an  aqaeoos  origin. 

There  is  a  great  significance  in  this  anomaloos  mineralogical 
character  of  the  Eanishiwin  phase  of  the  Keewatin,  and  in  the 
nature  of  the  transitions  to  it  from  above  and  below.  In  general 
it  points  to  a  gradaally  increasing  force  in  that  agent,  whatever  it 
was,  which  gave  origin  to  the  "greenstone"  element  of  the  Keewa- 
tin, and  to  a  rather  sndden  calmination  and  cessation.  It  fnrtler 
points  to  snob  a  shrinkage  of  the  balk  of  the  earth's  land  sorfsce, 
compared  with  that  of  the  water  area,  that  the  ocean's  watera  pre- 
vailed over  large  areas  which  had  before  been  dry. 
THE  NATDRE  OF  THE  CAUSES  WHICH  GAVE  ORIGIN  TO  THE  CRYS- 
TALLINE  ROCKS. 

It  has  been  costomary  to  speak  of  the  crystalline  rocks  as  a  nnit, 
end  to  refer  their  existence  to  the  operation  of  a  single  force.    In 
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a  broad  sense  it  maj:  be  legitimate  to  refer  them  to  one  caose— -the 
refrigeratioa  of  the  earth — or  to  the  aotion  of  gravitation  in  its 
speoializations — bnt  as  geologists  ve  are  bound  to  inqoiie  more 
oloselj.  So  long  as  we  knew  of  no  widespread,  or  even  local,  serial 
SQCcesaion  in  these  rooks  we  ooold  hot  speoolate  on  them  as  a 
whole.  Bat  since  now  they  may  be  differentiated  into  groups  hav- 
ing marked  distingnishing  cfaaraoteristics,  it  is  incumbent  on  as 
to  find  a  cause  for  each  gron  p.  In  has  been  one  of  the  striking 
facta  in  the  history  of  geology  that  geologists  have  specialized 
more  and  more,  in  their  obaarrations,  and  have  bsen  compelled  to 
separate  their  generalizations  into  several  parts,  applying  only  a ' 
part  of  their  former  ideaa  to  some  special  phenomena,  and  being 
oompelled  to  reoognize  new  principles  in  order  to  explain  the  reet. 
There  is,  however,  one  great  feature  which  binds  the  Archean 
rocks  into  one  great  group,  and  which  indicates  that  they  have 
shared  in  one  sense  in  a  common  history.  They  hare  been  op- 
heaved  and  pressed  together  in  sharp  folds  so  that  now  they  pre- 
sent everywhere  in  Miuneaota  (and  t>.e  same  is  true  of  the  whole 
Northwest  and  for  Canada)  their  truncated  edges  vertioally,  or 
nearly  vertically,  to  the  observer.  After  this  upheaval  and  tmn- 
catioD  they  were  submerged  beneath  the  Taoonio  ooean—at  least 
the  Taoonio  strata  now  lie,  in  attitude  sometimes  horizontal,  oncon- 
formable  upon  them,  presenting  one  of  the  most  notable  and  wide- 
spread instanoee  of  unconformity  of  stratigraphy.andone  of  the  most 
remarkable  changes  in  lithol<^ioal  charaoters.  In  the  sense  then  of 
constituting  a  "floor"  on  which  the  admittedly  clastic  strata  repose, 
those  rooks  may  be  classed  as  a  unit,  and  may  be  said  to  occupy  a 
single  period  in  the  eu^h's  geognosy  entirely  unique  and  separate 
from  all  the  other  periodsi  Yet  when  we  look  at  the  series  by  itself  wa 
soon  see  that  there  is  no  other  equal  amount  of  rock-material  in  tJie 
purview  of  the  science  of  geology  which  presents  so  numerous  and 
so  great  contrasts  of  oompoaition,  and  yet  which  presents  a  greater 
persistence  in  the  orderly  saocession  of  its  main  parts.  We  are 
forced  therefore  to  note,  as  the  jfirat  element  in  the  nature  of  Ute 
forces  that  evolved  the  crystalline  rooks,  that  they  were  not  looal 
in  their  extent,  but  were  apparently  world-wide,  and  as  such  suc- 
ceeded each  other  in  their  operation. 

Secondly.  Although  there  is  a  profound  stratigraphic  break  be- 
tween the  Taconio  and  the  uppermost  memtter  of  the  "Archean 
floor,"  yet  it  is  plain,  by  the  existence  within  the  Taoonic  of  rocks 
of  the  same  nature  as  those  of  the  "greenstone"  stage  of  the  Kee- 
watin,  that  the  close  of  the  Archean  did  not  witness  the  suppression 
of  the  characteristic  forces  of  the  Eeewatin.    Those  forces  (plainly 
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those  Thiob  gave  origin  to  basic  emptiTe  materials)  eimplj  waned 
after  the  Taoonio  began,  and  finally  ceased  to  have  an;  marked  ef- 
fect on  the  clastic  sediments. 

Thirdly.  As  the  banding  and  sohietoBity,  and  the  elevatory 
movements  which  gave  the  Archean  rooks  their  present  position 
and  trend,  forming  certain  geographic  areas,  all  of  which  took 
place  in  Arohean  time,  have  a  general  parallelism  with  the  strike 
and  the  areal  increments  of  the  Taconic  rocks  in  their  preeent  dis- 
tribntion  at  the  snrtace,  there  was  a  continaation  of  the  Archeon 
genetic  foroes  into  the  Taconic — t.  e.,  those  forces  which  give  rocks 
their  elevation  and  strike,  and  a  persistent  order  of  growth  to 
continents. 

S'ourih.  The  order  of  snccession  already  mentioned  from  the 
voloanio  Keewatin,  giving  birth  to  its  basic  debris,  downward  with 
a  gradual,  and  not  a  sadden  transition,  to  the  acidic  gneisses,  shows 
a  very  gradnal  waning  of  the  eraptive  forces  in  deaoending  order, 
and  points  to  some  other  force  than  eraption  for  the  origination  of 
the  basal  Laorentian  gneisses. 

As  the  primarily  eraptive  basic  toffs  of  the  Keewatin,  dis- 
tribnted  like  sediments  in  the  Keewatin  sea,  aesome  some  character, 
istic  new  mineralogic  features  on  passing  conformably  into  the 
"crystalline  schists'*  below,  there  is  proof  {fifth)  that  the  deeper- 
seated  portions  of  these  schists  have  ondergone  some  later  transfor- 
mation which  the  upper  portions  did  not  experience,  and  that,  there- 
fore they  have  been  acted  apon  by  some  reconstructing  agents  whose 
seat  and  source  are  from  below.  Aa  this  force  had  a  similar  effect 
on  the  acidic  portions  of  the  Keewatin,  when  associated  with  the 
basic,  and  as  these  acidic  elements  gradually  become  per  decensum 
the  acidic  elements  of  the  mica-hornblendic  schists,  and  finally, 
increasing  over  the  basic,  become  the  characteristic  element  of  the 
gneisses,  we  can  trace  the  oontinuation  of  a  force  or  forces  frOm 
the  Keewatin  back  into  the  Laureutian,  such  not  only  that  they 
conld  give  origin  to  the  common  acidic  element,  but  could  later 
transform  it  into  the  acidic  crystalline  gDeisses. 

It  is  necessary,  therefore,  to  recognize  various  forces  ccnoemed 
in  the  production  of  the  elements  and  the  crystalline  struotuiea  of 
the  basal  rocks,  and  it  is  necessary  further  to  allow  them  to  act  in 
a  sort  of  succession.  As  to  the  nature  of  the  materials,  however, 
they  ore  primarily  reducible  to  two  kinds — very  acidic  and  very 
basic,  standing  at  the  extremes  of  the  stratigraphic  order.  Every- 
thing between  consists  of  gradations,  stratigraphically  conformable, 
between  these  two.  The  eruptive  force  which  was  most  powerful 
in  the  production  of  these  basic  rocks  at  the  close  of  the  Archean 
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scarcely  aoted  at  all  at  the  begmning,  or  at  least  it  left  no  records, 
and  that  force  which  transformed  the  lower  materiaU  into  crystal- 
line forms  was  different  from  and  acted  later  than  thoae  which 
gave  them  origin.  It  is  necessary  also  to  account  for  a  sadden 
oeasatioi],  or  at  least  a  remarkable  redaction  in  the  activity  of  vol- 
canic forces  jost  before  the  opening  of  the  Taoonio,  and  for  that 
oniversal  cnunpUng  and  almost  vertical  attitnde  which  the  Archean 
strata  exhibit 


D,qit,zeabvG00»^lc 


11. 

FIELD  NOTEK  OF  N.  H.  WINOHELL, 

In  1890. 

Northern  Pacific  Junclion.  Slate  quarries  of  Dietz  and  Du- 
gan-,  about  three  miles  north  of  N.  F.  JuDction,  OoL  16.  CalcB< 
reoos  bat  soft,  rasty  lamps  appear  here  in  the  same  manner  as  at 
N.  P.  Janotion,  and  at  the  falle  of  the  Vermilion,  northwest  from 
Sadbory  in  Ontario,  furnishing  a  strong  lithologicalbondofidenity 
of  age.  Theae  Inmps  were  first  noticed  here  by  Dr.  T.  Sterry  Hant, 
on  oooaeion  of  an  exenrsion  of  the  Amerioan  Association  for  the 
Advancement  of  Science,  from  Minneapolis,  in  1883.  These  cal- 
oareons  lamps  are  of  dark  gray  color  within,  approximating  the 
color  of  the  slates,  bnt  they  are  granular  and  crystalline.  They 
decay  anperfiaially  and  become  spongy,  aoqoiring  a  darker  shade. 
(Compare  rook  samples  1591,  1607  and  1616.) 

The  slate  extends  at  least  to  Cloqaet,  and  is  all  of  the  aame 
formation,  at  least  from  the  quarry  of  Dietz  and  Dngan.  It  dips 
in  opposite  directions,  showing  several  great  antiolinals,  the  in- 
clination being  frequently  75°-90°,  and  rarely  less  than  50°.  This 
refers  not  to  the  cleavage,  which  traversea  the  sedimentation,  bat 
to  the  sedimentary  bedding.  The  general  color,  when  fresh,  is 
parpliah-blaok,  but  on  weathering  this  varies  from  gray  to  green- 
ish'gray,  with  fleckioge  of  lighter,  this  lighter  flecking  appearing 
where  the  rock  is  of  coarser  grain.  The  caloareoas  lamps  extend 
all  the  way  to  Cloquet, 

N,  P.  Jnnciion,  Oct.  17.  I  have  looked  over  this  formation  with 
a  riew  of  learning  certainly  whether  it  be  of  the  Taconie  or  the 
Keewatin.  I  had  rather  expected  to  see  some  reaemLlaijce  to  the 
Eeewatin,  on  logking  it  all  over,  but  so  far  as  the  west  side  of  the 
river  is  concerned,  I  do  not  think  I  can  say  I  have  seen  any  Eee- 
watin. There  are  some  portions  of  the  Keewatin  that  resemble 
this  rock,  bat  so  far  as  I  have  ever  observed  they  are  a  very  small 
and  onimportant  part,  and  are  associated  with  lithological  features 
on  which  they  depend,  which  are  wanting  here.  This  is  nearly  all 
a  true  slate,  with  a  cleavage  oblique  to  the  bedding,  thoagh  in  two 
instances  I  saw  them  coincident.    The  slate  is  not  all  saitahle  for 
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eooDomio  pnrpoefiB  as  roofing  elate,  bat  mnoh  of  it  is — L  a.  bo  far 
as  the  quality  aiii  the  grain  of  the  rook  is  oonoemed  It  u  mnch 
pointed,  and  that  fact  may  interfere  with  the  praotioal  develop- 
ment  of  elate  in  a  profitable  industry.  This  rock  in  general  pos- 
sesses a  sameness  of  lithological  character  over  large  areas,  and  in 
thie  respect  contrasts  with  the  Keewatin  which  osnally  is  mach 
more  changeable.  It  also  possesses  everywhere  a  distinct  fresh 
sedimentary  stractore  with  ripple  and  other  water  marks.  Another 
featnre  that  allies  it  with  the  Taoonic  is  the  prevalence  of  those 
dark  calcareous  lumps  or  secretions.  These  are  the  same  that 
Drs.  Hunt  and  Dawson  supposed  to  contain  traces  of  a  keratose 
sponge,  and  which  Dr.  Selwyn  pointed  out  as  "snow-shoe  traoks" 
— so-called  by  the  Indians — wheie  their  weathered  oontoor-forms 
appear  on  theslates  at  the  Vermilion  river  in  the  region  northwest 
from  Sudbury,  Ontario.  On  the  exposed  aujrfaoefl  these  masses 
are  dark  brown  and  soft,  from  deoay,  and  often  present,  when  not 
subjected  to  friction  at  the  same  time,  a  suggestive  resemblance  to 
a  semi- vesicular  structure,  the  preserved  mesh  or  net  work  that 
stands  out  beyond  the  softer  parts  being  due  to  some  trace  of  a 
more  siliceous  matrix.  When  these  lumps  are  fresh  they  are  gray, 
crystalline,  apparently  oonsiBting  essentially  of  lime,  is  which,  in 
some  parts,  the  small  crystals  of  oaloite  are  visible  in  oompaoted  mar- 
morized  structure.  Bat  there  is  also  a  layered,  oonoentrio,  rather 
coarse  structure  reminding  one  of  Cryptozoon,  across  which  perpen- 
dicularly there  is  a  transverse  jointoge,  or  very  fine  "basaltic"  disin- 
tegration. This  perpendicular  transverse  disintegration  is  best 
characterized,  as  far  as  observed,  in  a  layer  that  is  nearest  the  out- 
side, involving  a  thickness  of  about  one  inch.  These  limestone 
masses  are  in  the  midst  of  the  finest-grained  slate,  and  extend, 
with  mure  or  less  frequencyj  from  the  N.  P.  Junction,  where  they 
were  first  seen  in  1883,  to  Knife  Falls  (Cloquet),  indicating  that 
this  is  all  of  one  formation,  and  allying  it  with  the  slate  seen  on 
the  Vermilion  river  in  Canada.  They  also  seem  to  answer  to  some 
of  the  limestone  "lentilles"  which  have  been  described  by  Mr. 
Maroon  in  the  Toconic  slates  in  Vermont  After  considerable 
search,  however,  it  has  not  yet  been  possible  to  say  these  masses 
are  fosuliferons  at  this  place.  These  limestone  masses,  broken 
and  erratic  as  they  appear,  msy  be  the  remaining  traoe  of  the  gray 
limestones  of  the  Animikie  at  Thunder  bay  and  at  Gnnfiint  lake. 
It  may  be  that  under  other  circumstances,  and  in  other  places, 
they  would  be  found  to  increase,  so  as  to  become  more  continuous, 
and  constitute  limestone  beds  like  those  seen  on  the  north  side  of 
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Oaoflint  lake.  In  every  respect,  so  far  as  color,  strnotnre,  compo- 
sition and  tendency  to  decompositioD,  as  well  as  asBociated  rock- 
Btrata  can  iudioate  it,  these  are  the  same  as  those. 

As  between  this  slate  and  that  seen  at  the  crossing  o(  the  Yer- 
milion  river,  northwest  from  Sudbnry,  there  is  a  perfect  oorrespond- 
enoe,  and  there  can  be  no  qaestion  of  idenity  of  stratigraphy.  Here 
the  tracing  to  the  Taoonio,  through  the  parallelizatioD  by  Irving 
and  others,  of  the  oiigioal  Hamnian  with  the  Animikie  is  more  nn- 
broken,  thongh  more  circaitons.  The  above  notes  pertain  to  the 
rooks  seen  on  the  west  side  of  the  river  at  N.  P.  Junction. 

Northern  Pacific  Jujustion,  Oct.  17,  1890.  After  writing  the 
foregoing  a  re-examination  was  made  of  the  prominent  ridges  of 
slate  immediately  at  and  east  of  the  depot,  bat  still  west  of  the 
river,  north  of  the  railroad  track.  Here  Uie  first  thing  noticed  was 
the  manner  of  distribntion  of  these  limestone  masses.  There  is  a 
plain  confirmation  of  the  idea  that  they  are  the  analogue  of  the 
limestone  layers  of  the  Ounflint  r^on.  Not  only  are  they  nam-' 
erons,  varying  in  size  from  a  peck  measnre  to  a  walnnt,  but  they 
run  in  belts  coincident  with  the  sedimentary  structare,  and  in  one 
instance  they  make  a  continuous  layer,  somewhat  nodular,  that  ex- 
tends for  33  feet  at  least,  and  maintains  a  thickness  of  about  two 
inches,  bat  vanishes  toward  the  east.  The  layer  is  marked  by  a 
maty  surface  ooating  which  is  nothing  but  the  rasty  oxidation  seen 
on  such  rock  at  Gunflint  lak&  As  limestone  it  is  not  pnr^  bat  very 
firm,  gray  and  slate-colored.  Except  for  its  weathering  out  rap- 
idly it  oonld  hardly  be  diskingaished  on  the  rook  surface.  It  makes 
namerbOB  elongated,  lenticular  holes  over  the  sarfsoe,  the  origin 
and  significance  of  which  were  not  noted  in  any  previous  visit  to 
UuB  locality. 

Besides  the  old  Thompson  test  of  the  slates,  the  teat  of  the  Si 
Paul  and  Duluth  B.  B.,  about  two  miles  south  of  Cloqnet,  and  the 
reoent  one  of  Dietz  and  Dngan,  there  is  now  being  made  what  will 
be  a  moat  thorough  test  by  the  C.  E.  Nelson  Lumber  Oompany,  of 
Cloqnet,  at  about  a  mile  and  a  half  south  of  Knife  Falls.  It  is 
near  the  railroad,  where  an  east  and  west  ravine  crosses  it  The 
plan  is  to  make  at  first  a  shaft  about  75  or  lOO  feet  in  depth  for  the 
purpose  of  proving  the  character  of  the  rook  at  that  depth  below 
the  surface. 

On  the  east  side  of  the  river  the  graphite  locality,  mentioned  by 
Schoolcraft,  is  on  n  e  1,  n  e  i,  sea  31,  lot  1,  aboat  4  miles  norih  of 
Thomson,  near  the  river,  and  near  a  creek,  which  enters  the  river. 
It  is  now  owned  by  H.  H.  Hawkins,  C.  d'Aatremont  Jr.  and  D.  Y. 
Soott.    The  vein  in  which  graphite  is  found  is  about  12  inohee 
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wide.  It  amonats  to  bat  little.  Some  work  has  been  done  re- 
cently OD  the  vein,  the  resalting  excavation  being  about  20  feet 
deep.  The  vein  itselE  is  onn  oF  qautz,  cutting  the  slates,  and  has 
mnoh  associated  plnmba^Dons  matter.  Keoent  work  was  of  no 
ftTail  to  show  its  importance.  The  formation  here  looks  like  the 
rook  westward  from  Pigeon  poiat  oa  the  ioternstional  boundary. 

A  little  below  (but  nearly  opposite)  the  foot  of  the  large  island 
which  is  opposite  the  graphite  locality,  is  a  basic  dyke  about  25 
feet  wide,  coming  in  diagonally  across  the  river  bank.  It  runs 
nofth  10°  east,  and  is  coarse-grained  in  general,  but  fine-grained 
at  the  side,  having  baealtified  and  hardened  the  slates.  This  may 
be  in  extension  of  a  great  dyke  noted  on  the  west  side  of  the  river 
some  years  ago  not  far  from  the  slaty  Fortress  island. 

The  river  roars  with  rapids  maoh  of  the  way,  and  at  ^  of  a  mile 
further  south  there  is  a  fall  of  aboat  six  feet.  At  about  two  miles 
north  from  Thomson  is  a  massive,  light-weathering  but  gritty, 
'  rather  coarse-grained  stratntn  in  this  formation;  and  this  also  con- 
tains the  rusty  oaloareoos  masses  noticed  in  the  fine-grained  slates. 
This  calcareous  mass  ooald  hardly  be  distinguished  from  the  rock 
in  which  it  is  embraced  except  for  the  rusty  spot  which  it  causes 
on  the  weathered  surface  (1616). 

Apparently  the  old  portage  trail  rans  along  near  here,  near  the 
river,  from  Fond  du  Lao  to  Knife  Falls.  I  imagined  I  pat  my  foot 
in  the  same  niches  over  the  rock  ridges  that  Soboolcrafb,  Hough- 
ton and  Boutwell  stepped  on,  and  where  thousands  of  furriers  and 
Indians  have  stepped  for  more  than  200  years  on  their  trips  from 
Winnipeg  to  Montreal. 

The  first  rook-cut  in  gabbro,  east  of  Thomson,  is  a  short  ^  mile 
east  of  Short  Line  Park  station,  where  the  "Dalath  deep  well"  was 
drilled  abont  1700  feet  in  search  for  gas.  (See  Bulletin  No.  5). 
This  is  the  station  for  old  Fond  du  Lao,  and  a  number  of  Indians 
here  leave  the  train,  with  some  half  breeds,  for  that  old  town. 
They  asserted  that  the  old  trail  from  Fond  da  Lao  rons  abont  foar 
miles  further  east  than  where  the  graphite  locality  is  known  near 
the  river,  crossing  the  railroad  (short  line)  at  about  one  mile  vest 
of  the  Short  Line  Park  station.  This  gabbro  is  like  that  at  Bice's 
point,  and  the  spar  tone  soathwest  from  the  main  belt.  There  are 
also  several  other  spars  farther  east.  From  this  cut  rises  toward 
the  east  and  northeast  a  marked  precipitous  range  of  gabbro.  The 
track  bugs  the  foot  of  this  range  with  ocoasional  cuts,  until  it  has 
passed  the  head  of  a  deep  ravine,  and  then  swings  south  to  pass 
another  spur,  with  several  gabbro  cats  further  east  as  it  descends 
to  the  terrace  fials  of  the  St.  Louis  river. 
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At  the  station  called  Sargeni,  a  abort  distance  east  of  Datath, 
the  osaal  "trap"  oE  the.regioa  anderliee  the  surface  at  the  depth 
of  a  few  feet  The  excavations  for  water  works  are  priDcipally  in 
red  clay,  bat  fregaently  encoonter  this  rook,  which  is  there  well 
exposed  by  the  blasting  and  catting.  It  is  reddish-brown,  and  in 
some  plaosB  amygdaloidal  with  oalcite,  and  at  the  same  time  has 
disseminated  hne  red  crystals  of  some  feldspar.  On  some  favora- 
ble fractores  this  feldspar  hoe  the  form  of  twinned  tablets  of  some 
pl^oolase,  bat  generally  it  is  not  evidently  twinned,  bat  so 
crowded  and  compressed  that  no  cleavage  can  be  characterized, 
thongh  evidently  a  cleavable  mineral.  It  apparently  also  is  dis- 
seminated in  finer  forms  thronghoat  the  mass  of  the  trap.  The 
rock  therefore  is  sparingly  porphyrido,  and  conspicaonsly  and 
coarsely  amygdaloidal  with  oaloite.     1616  is  the  above  rock. 

[Note.  Most  of  the  field  notes  of  ISSOwere  Incorporated  in  tbe  re- 
port on  the  "Iron  Ores  of  Minnesota,"  Bulletin  VI,  1891.  See  also  the 
accompanying  list  of  rock  samplesl. 


ADDITIONAL  ROCK  SAMPLES  NUMBERED. 

[to  illustrate  notes  op  n.  h,  winchbll]. 
In  1890. 

1607.  Oalearpons,  soft,  maty  lumps.  Dietz  and  Dngan'a  slate 
qaarries,  about  three  miles  above  N.  P.  Janotion.  (See  also  1616.) 

1608.  From  near  the  old  saw  mill,  a  ahort  distance  north  of  the 
the  last.  A  square  slate  piece  ahowing  lime  seams  on  each  aide — 
joints  that  orOBs  the  slates  in  too  great  Ereqaency  for  the  good  of 
the  economic  oatlook. 

1609.  A  fragment  from  an  almost  nnweathered  lamp  of  the 
oaloareoae  concretions  abounding  in  these  slates,  broken  brom  the 
hard  fresh  slates  at  the  old  trial  qaarry  of  the  SL  Pant  and  Dnlnth 
B.  It,  abont  1^  miles  south  of  Oloqaet. 

1610.  Sliver  from  the  slate  showing  fine  ripple  marks.  Coarser 
ripple  marks  and  other  water-marks  are  oommon. 

1611.0  Oh  ipping  from  one  of  the  oaloareona  nodules  from  the 
slates  at  N.  P.j  Jnnction  east  of  the  village,  north  of  the  east  and 
west  railroad.  This  came  from  abont  the  same  place  as  that  from 
which  Dr.  Hant  obtained  the  specimens  in  which  were  thooght  to 
be  remains  of  a  keratoee  sponge. 
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1S12.  Chipping  ftom  one  of  the  lighter-colored  siliceous,  thicker 
beds  in  the  ridges,  six'iDohes  thick,  north  and  east  from  the  B.  B. 
jnnction. 

1613.  Same  as  1612,  from  a  layer  20  feet  thick.  When  fresh 
this  is  dense. 

1614.  Graphite  and  qnartzose  slaty  rock,  from  the  "gra|^te 
veiD,"  N.  E.  i.  N.  E.  J,  sec  31,  lot  1,  T  49-16. 

1615.  Slightly  porphyritic,  and  amygdaloidal  trap,  from  Sar- 
gent* east  of  Dalnth,  from  the  trenches  dag  for  water-works. 

1617.  Samples  of  iron,  from  Camp's  land,  S.  W.  {.  sec.  33,  a 
mile  Boathweat  of  Ely. 

1618^  Ore  from  the  narrow  magnetic  belt  on  Camp's  land,  S.  W. 
J,  sec  33,  abont  a  mile  sonthwest  of  Ely.  (Iron  ores  of  Minne- 
sota, page  202.) 

1619.  LoadBtone  ore  said  to  have  come  from  the  same  place  as 
1618.     (Iron  orua  of  Minnesota,  page  202.) 

1620.  A  "qaicksand"  which  is  encoontered  at  the  t>ottom  of  the 
pits  in  th<9  Anderson  location,  near  Ely.  It  la  very  fine-grained 
and  day  like.  Are  the  grains  ai^nlar,  and  referable  to  disinteg- 
rated jaspilyte? 

1621.  In  the  greenstone  of  one  of  the  ridges  on  the  H.  W^  ^, 
sec.  33,  about  a  mite  southwest  from  Ely,  is  the  indefinite  rock 
which  has  been  described  in  this  region — neither  greenstone  nor 
graywacke.  In  the  midst  of  it  ia  a  harder  and  more  siliceous 
area,  which  eeems  to  be  only  a  phase  of  it,  represented  by  1621. 

1622.  A  bonlder  was  taken  oat  from  one  of  the  pits  by  Mr. 
Camp,  which  represents  another  phase  of  the  greenstone,  but  thia 
ia  not  aeen  in  plaoe  anywhere  abont  here.  It  may  have  come  from 
north  of  Long  lake.  It  is  one  of  those  coarsely  crystalline  (frsg- 
mental)  greenstones,  with  free  qnartz  grains  and  pyrite,  and  eeema 
to  consist  largely  of  plagiodase  and  hornblende. 

1623.  Globnlar  and  nodnlar  miztare  of  the  white  kaolinio  and 
red  bematitic  soft  rock,  the  two  not  mingling  so  as  to  stain  eaoh 
other  though  in  immediate  contact.  From  the  damp  of  the  Chand- 
ler mine.  This  kaolin  seems  to  be  one  of  the  very  early  oonstitn- 
ento  of  the  rooks  of  the  r^;ion,  and  not  the  rasnlt  of  recent  change. 

1624  Fragment  of  the  amygdaloidal  scale  that  snrroands  the 
volcanic  bombs  seen  in  the  rook-oat  at  Ely,  and  some  of  the  ma- 
trii. 

1625.  Some  of  tine  dark-green  sGhistose  rook  that  fills  the  Inter- 
«paoeB  between  thA  bombs. 

1^6.  A  inece  of  the  bomb  from  toward  the  oMitie,  awsy  from 
the  amygdaloidal  orasL     ( American  Geologist,  Vol.  ix,  p^  369.) 
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iKXRormcnoN. 

Id  the  sammet  of  1891  the  writer,  aeoompaDied  by  Mr.  Herbert 
B.  Wood  and  one  Indian  oanoeman,  epent  the  groater  part  of  the 
moDthfl  of  Aagoat  imd  September  in  examining  certain  granitic 
areas  in  Lake  and  Cook  ooontiee,  Minnesota.  The  areas  Tisited 
are  foor  in  namber,  ^d  may  be  diBtingnished  as  the  following : 
( 1 )  the  Kawiabiwi  river  area,  which  extends  trom  the  division  of 
the  Kawishiwi  river  in  T.  63-10  west  and  soathweet  for  a  consid- 
erable diatanoe;  (2)  the  Snowbank  lake  area,  which  is  mostly 
confined  to  the  islands  and  shores  of  Snowbank  lake;  (3)  the 
Kekeqaabic  lake  area,  in  the  immediate  vicinity  oE  the  lake  of  this 
name ;  (4)  the  Soganaga  lake  area,  in  which  the  larger  part  of 
SsganagB  lake  lies.  The  object  of  the  examination  was  more  to 
■tody  the  age  and  origin  of  these  granite  masses  and  to  ascer- 
tain their  relation  to  the  snrronnding  rocks  than  to  make  any 
minate  study  of  the  stmotares  and  variations  of  the  granites 
themeetve&  - 

The  present  paper  is  simply  an  aeooont  of  the  phenomena  as  seen 
in  the  fi^ld,  supplemented  by  bnt  a  small  amoant  of  laboratory 
stndy.  A  number  of  the  rooks,  especially  the  normal  f  aoies  of  the 
different  types,  have  been  examined  in  ^n  section,  and  consider- 
able progress  has  been  made  towards  a  systematic  stndy  of  one  of 
these  areas— that  of  Kekequsbic  take.  The  writer  hopes  in  the 
near  fntnre  to  be  able  to  give  a  more  complete  aoooimt  of  the 
different  rooks  of  this  interesting  area,  both  stratagraphioally  and 
petrographioally. 

On  aooonnt  of  the  incomplete  character  of  the  work  and  the  lack 
of  enfficient  time  in  the  preparation  of  this  report  it  is  thonght  best 
not  to  give  a  detailed  description  of  each  area  nor  to  make  any 
generalizationB  concerning  the  region  studied.  However,  it  will 
not  be  amiss  to  say  a  few  words  as  to  the  reciults  reached  thus  far. 
In  the  parts  of  the  four  areas  studied  there  has  lieen  seen  no 
evidence  of  a  transition  from  the  semi^orystalliDe  and  crystalline 
schists  to  granite.  On  the  other  hand  there  is  abundant  evidence 
to  prove  the  true  irmptive  natare  of  these  granitic  rooks  into  the 
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snrronndmg  sedimenta,  notwithstanding  the  fact  that  these  granites 
have  been  described  as  granitoid  gneisses  formed  from  the  meta- 
morphiBm  of  certain  elastics  and  now  seen  to  pass  imperoeptively 
into  these  same  elastics.*  The  gneissio  and  so-called  "bedded" 
strnotare  in  these  rocks  is  not  nearly  as  oommon  as  has  been  sap- 
posed,  in  fact  the  osnal  strnctare  is  traly  granitic.  The  Kawishiwi 
river  "granite,"  where  stndied,  is  a  hornblende  syenite,  as  is  also 
that  around  Snowbank  lake.  The  Saganaga  granite  is  a  very  coarse 
hornblende  granite.  The  granite  aroond  Eekeqoabio  lake  is  a 
pyroxene  granite,  and  associated  with  it  is  a  peooliar  pyroxene 
granite  porphyry. 


PART  I.    RECORD  OF  FIELD  OBSERVATlONa 

In  giving  the  township  and  range  in  the  following  notes  the 
township  is  always  north,  and  the  range  is  always  west  of  the 
fonrth  prinoipal  meridian,  Minnesota,  unless  stated  otherwise. 
The  bearings  given  refer  to  magnetic  north,  no  correction  having 
been  made  either  for  general  or  local  variation.  When  giving  the 
strike  and  dip  of  slates  reference  is  always  had  to  the  lamination, 
unless  otherwise  stated.  As  a  mle  the  edges  of  the  difFerent 
granite  areas  have  been  stndied,  ae  here  only  conld  the  relations 
to  the  Bnrronnding  rocks  be  seen. 

EAWIBHIWI  RIVIB  AREA. 

The  examination  of  this  area  was  confined  entirely  to  its  eastern 
end,  and  most  of  the  notes  were  taken  is  the  southern  half  of 
T.  63-10. 

Pickerel  lake. 

Pickerel  lakef  is  a  small  body  of  water  cat  by  the  line  between 
sees.  24  and  25,  T.  63-11,  and  sees.  19  and  30,  T.  63-10.  The 
shore  where  visited  was  found  to  be  made  of  a  more  or  less  massive 
rook,  which  in  all  the  reports  on  this  region  has  been  called  green- 
stone or  greenstone-Bohist.  From  the  little  bay  of  the  Kawishiwi 
river  in  the  N.  E.  i  of  a  W.  ^  sec.  25,  T.  63-11,  a  port^e  leads  to 
the  southwest  corner  of  this  lake.  The  southern  half  of  the  port- 
age shows  angular  blocks  of  mica-schist,  probably  not  far  removed 
from  their  original  position,  and  the  northern  one-third  of  the 
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portage  is  over  b.  ridge  of  rather  masBive  ftreenBtoue  repreaented 
br  Nos.  302,  303  and  301.  the  latter  from  the  lake  shore.  No.  803 
is,  howBTer,  more  like  an  altered  graywacke  aod  is  qaite  sohistoee. 
The  greenstone  extends  all  along  the  aoath  shore  of  the  lake.  It 
is  shown  by  Xo.  806,  which  is  rery  dark-green  and  schistoee,  and 
ooeara  jast  east  of  the  portage,  Mo.  806,  more  oompaot  and  silioi- 
ous,  and  No.  307.  which  was  taken  from  the  outlet  of  the  lake  in 
the  N.  E.  i  of  N.  W.  i  sec  30,  T.  63-10.  At  the  east  end  of  the 
lake  jost  soath  of  the  section  line  the  rock  is  green,  very  tongh  and 
maseive]  it  presents  the  appearance  of  a  consolidated  Toloauio  ash 
(No.  308).  Only  one  spot  (S-W-Jof  8.  W.  i  sec  19,  T.  63-10) 
on  the  north  shore  of  the  lake  was  examined;  here  the  rock  is  a 
fine  giained  massiTe  greenstone  (No.  309). 

A  section  was  made  from  this  lake  soath  along  a  trail,  which  is 
almost  on  the  range  line,  to  the  Kawiahiwi  river.  Several  low 
ridges  were  crossed,  the  general  trend  of  the  ridges  being  east  and 
west.  Just  south  of  the  lake  there  are  no  outcrops  seen,  bat  a  low 
ridge  of  fine  grained  compact  greenstone  ( No.  '299 )  is  soon  reached. 
This  rock  is  cat  in  every  direction  by  minute,  branching,  yellow  and 
pink  veins;  it  shows  no  stractaral  lines,  bat  appears  perfectly 
massive.  On  going  farther  soath  the  rook  becomes  schistose,  this 
straotore  being  vertical  and  ranaing  east  and  west.  It  is  cat  by 
a  small  dyke,  fonr  or  five  feet  wide,  of  a  qoartzless  porphyry  (No. 
300).  This  rock  held  a  small  piece  of  the  greenstone,  which  is 
very  schistose  at  the  dyke  walls,  otherwise  not  being  different  from 
that  farther  away.  The  dyke  nins  almost  east  and  west  and  was 
traced  rather  disconnectedly  for  fifty  feet.  No.  301  shows  the  con- 
tact of  the  two  rooks.  Farther  soath  occur  several  oatorops  of  a 
finely  laminated  sobistose  rock  (No.  310)  which  approaohes  a  mioa- 
sohist.  The  lamoise  have  been  twisted  considerably  in  places,  bat 
the  general  strike  is  east  and  west  and  the  dip  is  vertical.  This 
rock  continnes  nearly  to  the  quarter  post,  but  just  before  reach- 
ing this  a  rather  coarse  grained  red  syenite  is  seen  (No.  311). 
The  hornblende  is  roughly  arranged  in  elongated  Hpots,  thus  giv- 
ing to  the  rock  a  decidedly  gneissic  stractare,  which  runs  east  and 
west  and  stands  nearly  vertical.  Associated  with  this  syenite 
are  small  areas  of  a  fine  grained  granitic  rook  (No.  312).  This 
gneissic  syenite  oontinaes  aboat  half  the  distance  from  the  quarter 
post  to  the  Kawishiwi  river  and  then  assumes  a  darker,  finer 
grained  aspect  (Na  313)  with  the  hornblende  much  more  abundant 
than  in  No.  311.  It  now  contains  fragments  from  one  inch  to  sev- 
eral feet  in  length  of  a  dark  mioa-schist  (No.  314);  these  frag- 
ments are  mostly  lens-shaped  and  their  outlines  are  distinct    The 
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syenite  also  holds  man;  Teins,  up  to  ten  iachea  aorow,  of  a  rather 
fiuegrained  biotite  granite  (No.  316).  At  this  plaoe  the  gneisaio 
straotore  in  the  syenite,  the  long  axes  of  the  mioa-Bchist  fragments 
and  the  general  direction  of  the  granitic  veins  are  northwest  and 
soatbeast.  Mioa^chist  now  extends  to  the  river  and  also  oocnrs 
on  the  little  point  in  the  S.  Vf.  i  of  8.  W.  i  sec.  30,  T.  63-10;  here 
a  little  back  from  the  shore  ie  a  low  ridge  of  the  schist  (No.  316) 
which  strikes  80°  W.  of  N.  and  dips  N.  65°.  In  it  is  an  irregular 
vein  of  very  fine  granitic  rock  (Na  317). 

Cleartoaier  lake. 
Olearwater*  lake  lies  almost  entirely  in  sec.  32,  T.  63-10,  with  a 
small  bay  projecting  into  the  E.  ^  of  N.  E.  i  sec.  3L  Except- 
ing a  small  area  at  the  northwest  comer  of  the  lake  near  the  port- 
age north  to  the  Kawishiwi  river,  the  shores  are  composed  of  red- 
dish syenite  which  is  qaite  constant  in  sharaoter.  In  the  8.  W.  \ 
of  N.  W.  J  sec.  32,  the  syenite  shows  an  irregular  flow  strnotore, 
which  is  more  evident  here  than  elsewhere  on  the  lake,  althoogh 
seen  in  several  other  places.  It  twists  considerably,  bat  stands 
abont  vertical  and  its  general  trend  is  east  and  west  No.  337 
shows  this  stmctore  very  well,  although  the  lines  are  not  osnally 
as  near  together  and  as  distinct  as  on  this  specimen.  The  syenite 
of  this  lake  is  well  represented  by  Noe.  338  and  339,  the  former 
coming  from  the  same  locality  as  No.  337,  and  the  latter  from  the 
extreme  northern  end  of  the  little  bay  that  extends  into  the  S,  W. 
1  of  S.  E.  ^  sec.  29.  The  rook  is  microscopically  a  rather  ooarse 
grained  aggregate  of  hornblende  and  reddish  feldspar  in  abont 
eqnal  amoacts. 

Where  the  line  be- 
tween sees.  32  and  31 
cnts  the  north  shore  of 
the  lake  the  syenite  is 
seen  mixed  in  with  mica- 
schist  See  Fig.  1.  The 
schist  is  much  twisted 
and  the  syenite  exhibits 
the  flowage  stmctore  as 
shown  by  No.  337.  Most 
of  the  syenite  here  is  of 
^^mi^  •A.it.  Igffvltw"**  ^b®  osnal  character,  bat 

l-iB-  "-    UOQUkut  lit  syenite  ^„d  lalcu-sohUt;  N.  E,  "i  N.  E.  H  sec.  31,  T.  «8-10.  north 
shore  of  Clearwater  take. 
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in  Bome  areas  it  is  of  a  finer  graio  (Xo.  310).  Joat  west  of 
this  plaoe  the  syenite  and  mica-aohiat  are  aeeo  in  contact.  The 
schist  is  mnoh  disturbed  and  twisted  and  the  dip  and  strike  oonld 
not  l>e  aocnrately  determined,  bat  the  general  trend  is  a  little  sooth 
oE  east  with  a  very  high  northerly  dip.  The  oontact  is  irregular, 
bnt  sharp,  and  ie  shown  in  the  Bpeoimene  nnmbered  341.  No. 
342  is  the  syenite  within  a  foot  of  the  contact 

At  one  place  on  the  portage,  ranning  northwest  from  the  lake, 
and  in  Beveral  places  on  the  shore  in  the  E.  ^  of  M.  E.  ^  sec  32, 
there  is  a  dark  green  rock  (No.  343)  which  is  a  coarse  grained  ag- 
gregate of  hornblende  with  a  email  variable  qaantity  of  feldspar. 
It  preeente  a  very  rough,  jagged,  weathered  surface.  It  is  cat  by 
vein-like  stringers  of  reddieh  syenite  (No.  344)  similar  totheordi* 
nary  syenite  of  the  region,  by  a  gray  variety  (No.  346)  of  the  same 
and  by  a  small  trap  dyke  (No.  346).  The  last  is  but  four  inches 
wide  and  was  traced  for  fifteen  feet;  it  is  probably  a  very  fine 
grained  diabase.  A  section  of  Na  344,  at  the  contact  with  the 
hornblende  rock,  shows  the  former  to  be  composed  of  a  granular 
aggregate  of  (1)  an  almost  opaqae  feldspar,  which,  notwithstand- 
ing ite  alteration,  shows  some  traces  of  polysynthetic  tjvinning,  (2) 
a  fresh  feldspar  with  abundant  twinning  lamellse  and  (3)  a  few 
pieoes  of  green  hornblende;  the  two  feldspars  are  in  aboat  eqaal 
amounts.  The  small  part  of  the  hornblende  rook  in  the  section  is 
seen  to  be  made  up  almost  entirely  of  green,  highly  pleoohroic 
hornblende;  a  email  amount  of  the  altered  feldspar  id  also  present. 
The  two  rooks  are  seen  to  be  separated  quite  eharply  even  in  thin 


Mr.  Wood  examined  the  shores  of  the  email  lake  in  the  N.  ^  of 
sec.  31,  T.  63-10,  and  found  them  to  be  composed  of  the  same 
syenite  as  is  seen  on  Clearwater  lake.  At  the  southwest  comer  of 
this  small  lake  he  found  fragments  of  mica-schist  embedded  in  the 
syenite. 

South  branch  of  the  Kaaishiwi  river  in  T.  63-10  and  T.  62-10. 

Going  north  from  the  river  nearly  on  the  line  between  seos.  5 
and  6,  T.  62-10,  the  syenite  is  seen  to  be  cut  by  irregular  small 
dykes  or  branching  veins  of  a  hornblende  rock  (No.  349)  similar  to 
that  mentioned  above  (No.  343).  These  veins  cut  the  syenite  in 
every  direotion  and  their  outlines  are  very  sharp  and  distinct,  es- 
pecially on  weathered  surfaces.  The  syenite  here  varies  eomewfaat, 
ard  as  a  rule  is  darker  colored  than  that  Been  elsewhere  in  thie 
vicinity;  it  is  repreeented  by  Noa  347  and  348.  The  syenite  on 
the  river  shore  near  the  above  mentioned  seotion  line  is  also  some- 
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what  finer  graiaed  and  darker  than  ie  tisaal  (Noe.  350  and  361). 
On  the  north  ahor©  ot  the  river  in  the  S.  W.  i  N.  W.  J  Bee  6,  T. 
62-10,  is  a  rather  ooarse  grained  diorite  (Nos.  362,  363  and  364) ; 
it  is  more  than  half  made  np  oE  green  hornblende,  and  the  feld§par 
IB  white  or  grayiah, — the  rook  thns  standiDg  in  sharp  contrast  to 
the  sorroandiDg  syenite.  The  relations  of  the  two  rocks  were  not 
seen  here,  bat  the  diorite  probably  is  the  same  as  the  hornblende 
vein  rooks  described  above,  although  in  this  place  the  diorite  may 
poasibly  represent  a  basic  facies  of  the  syenite. 

No.  366,  from  the  ».  R  ^  ot  N.  E.  ^  sec.  5,  T.  62-10,  well  repre- 
sents the  syenite  io  this  immediate  vicinity ;  it  is  a  rock  of  medium 
grain,  reddish  in  color,  and  oompceed  of  a  flesh-colored  to  reddish 
feldspar  and  hornblende;  the  latter  makes  ap  abont  one-third  of 
the  rock.  Going  sonth  along  the  river  in  eeos.  5,  4  and  9,  the  aye- 
nite,  as  a  rale,  becomes  finer  grained  and  in  some  places  holds  bio- 
tite  instead  of  hornblende. 

At  the  north  end  of  the  portage,  N.  W.  i  of  S.  W.  ^  Bee.  9,  T. 
62-10,  just  at  the  water's  edge,  is  an  ontorop  of  mediam  grained 
hornblende  granite  (No.  366);  the  qaartz  makes  op  aboat  one- 
fonrtb  of  th«  rock.  This  is  evidently  a  part  of  the  syenite  of  tite 
region,  bat  is  the  first  seen  that  contains  maoroeoopic  qaartz  grains 
in  any  amoant.  Aboat  one- third  way  acroBB  the  portage  the  coarse 
grained  grey  gabbro  (Mo.  367)  commoa  to  this  region  i&  seen. 
This  was  traced  west  ot  the  portage  to  within  200  feet  of  the  sye- 
nite, bnt  low  ground  with  no  ezposares  intervened  between  the  two 
rocks.  Here  the  syenite  is  fine  grained  and  micaceous,  as  is  ehown 
by  Nos.  358  and  359,  the  former  being  more  properly  a  biotite 
granite.  The  syenite  is  cat  by  small  dykes  or  veins  of  a  fine  grained 
red  aplite  (Na  360)  composed  almost  entirely  ot  a  red  feldspar  and 
qnartz.  The  gabbro  retained  its  coarse  grained  character  as  near 
to  the  syenite  as  it  was  found. 

The  east  side  of  the  rapids,  in  a  W.  ^  sec  9,  T.  62-10,  was  care, 
fully  examined  in  order  to  etady  the  relations  ot  the  syenite  and 
gabbro,  bnt  nothing  conclusive  was  seen.  The  syenite  here  is 
ehown  by  Nos.  361  and  362,  both  rather  fine  grained  and  micaoeons. 
Between  the  syenite  and  gabbro  were  found  Nos.  363  and  364,  the 
former  partakiuR  of  the  characters  of  the  syenite  and  containing^ 
large  quantities  of  a  dark  mineral,  probably  hornblende;  the  latter 
is  finer  grained  and  very  dark  in  color.  There  were  no  eontinaous 
exposures  connecting  the  syenite  and  gabbro.  At  the  foot  of  the 
rapids  I  found  several  angular  blocks,  apparently  not  far  removed 
from  their  original  position,  of  a  fine  grained  porpUsh  rook,  prob- 
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ably  ft  porphyrite  (Na  366).  Mr.  Wood  examined  the  west  eide 
of  the  rapids,  bat  ooald  not  find  the  gabbro  and  syenite  near  each 
other. 

The  west  shore  of  the  river  in  Beos.  34,  35  and  26,  T.  63-10,  is 
made  up  of  the  ordinary  syenite,  which  variee  somewhat  in  the 
amonnt  of  hornblende  it  oonlaius,  as  seen  in  Noe.  366  and  367.  No. 
366  is  quite  dark  in  oolor  and  the  hornblende  makes  ap  mors  than 
one-halt  of  the  rook, — this  faoies,  however,  is  exceptional.  No,  367 
is  mnoh  lighter  colored  and  is  at  least  three-foarths  composed  of 
feldspar.  Na  368,  from  the  S.  W.  }  of  sec  31,  fairly  shows  the 
syenite  along  this  shore;  it  is  composed  of  fleah-oolored  to  red 
feldspar  and  black  hornblende,  the  latter  making  np  perhaps  one- 
third  of  the  rook.  This  rook  is  of  a  medium  ooarae  grain.  In  seo- 
ticai  it  is  seen  to  be  a  granitic  aggregate  of  orthoolase,  hornblende 
and  qnartz.  The  orthoolaae  is  gray  and  nBoally  shows  a  oloadi- 
nesa  dne  to  alteration;  a  few  of  the  grains  show  polysynthetic 
twinning  lamellee.  The  hornblende  is  the  ordinary  green,  hi^ly 
pleoohroic  variety,  and  is  oompletely  allotriomorphio;  it  has  altered 
in  some  plaoee  to  chlorite,  bat  elsewhere  appears  to  be  quite  fresh. 
Quartz  is  scattered  throogh  the  whole  seotion,  bat  is  not  noticea- 
ble maorosoopiaally;  it  presents  the  oharaoters  of  ordinary  granitic 
qnartz.  It  oocors  oftentimes  in  polysomatio  areas,  and  a  large 
namber  of  the  grains  show  decided  undolatory  extinction.  The 
qnartz  makes  ap  less  than  ten  per  cent,  of  the  whole  rook.  Apa- 
tite, sphene  and  magnetite  are  the  aoceaaory  minerals;  they  all 
ooonr  in  only  small  amonnt.  The  apatite  is  in  both  short,  stoat 
and  long,  slender  prisms.  The  sphene  and  magnetite  show  no 
cbaraoterifitio  crystal  oatlises. 

Carefol  search  was  mode  for  mioa-sohist  along  this  shore,  bat  no 
trace  of  it  was  found. 

North  branch  of  ike  Kavnskiwi  river  in  T.  63-10  and  sec  19,  T. 
63-9. 

Mr.  Wood  went  sonth  from  the  river  aboat  on  the  west  line  of 
sec.  31,  T.  63-10,  for  aboat  half  a  mile.  He  reported  mioa-schist 
(Na  318)  all  the  way,  bat  in  a  few  places,  eopeoially  joat  soath  of 
the  river,  a  green  schistose  rock  (No.  319),  probably  a  condition 
of  the  greenstone,  was  seen.  From  this  section  line  he  went 
northeast  to  the  bay  in  the  S.  E.  ^  of  8.  W.  ^  of  sec.  30,  bat  saw 
no  rook  in  gita  except  the  mioa-achist. 

The  little  promontory  on  the  soath  side  of  the  river  in  the  N. 
E.  i  oE  a  W.  i  sea.  30  is  msde  ap  of  red  syeni^  (Na  320).  This 
is  a  rather  coarse  grained  rook  and  in  some  places  it*  shows  a  dia- 
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tiaot  gBeiflsio  airangement  of  the  feldapBT  and  hornblende.  It  is 
ont  by  a  dyke  of  a  dark  hombleDdio  rook  (No.  321)  ;  this  dyke  is 
Tertical  and  varies  from  ten  inches  to  two  feet  in  width;  it  nins  a 
little  Bontb  of  east  and  was  tnioed  for  fifty  feet.  The  west  end  of 
the  port^^  aoross  this  promontory  is  in  the  mioa-aehist,  but  the 
line  between  the  eohist  and  syenite  soon  crosses  the  portage  and 
runs  a  little  sooth  of  the  bay  in  the  S.  W.  J  of  a  E.  i  of  sec.  30. 
The  two  rooks  were  seen  in  aotaal  contact  just  north  of  the  port- 
age; there  was  no  transition  from  one  to  the  other,  the  line  be- 
tween them  being  qaite  distinct.  The  syenite  was  finer  grained 
and  grayer  in  oolor  near  the  contact ;  thia  is  shown  by  Xoa.  322  to 
326  which  were  taken  within  a  distance  of  two  feet.  The  last  one 
was  touching  No.  326  which  is  unmistakably  part  of  the  mioa- 
Bchiet  No.  327  is  the  mica-sohist  near  to  the  last  and  No.  328 
reprraents  it  a  few  feet  from  the  seyenito.  The  line  of  contact  was 
vertical  and  rather  irregolar,  the  syenite  usoally  followed  the  di- 
rection of  the  Bohistosity,  bat  in  some  places  broke  across  it  for  a 
few  inches.  On  the  portage  a  few  loose  blocks  were  seen  which 
showed  both  rocks  in  sharp  contact  (No.  329);  however,  it  is  not 
certain  that  these  blocks  had  not  been  moved  some  distance. 

The  west  shore  of  the  river  in  the  E.  ^  of  sec.  30  is  almost  oil 
syenite,  bat  about  the  center  of  the  shore  line  some  mica-schist  is 
seen  mixed  with  the  syenite.  The  latter  extends  in  vein-like 
branches  into  the  former  and  also  encloses  pieces  of  it.  Mr.  Wood 
went  from  this  place  west  to  the  stream  that  enters  the  river  in 
tiie  8.  E.  1  of  N.  W.  ^  sec.  30  and  reported  syenite  all  the  way. 
He  also  foand  a  fine  grained  diorite  dyke  (No.  330)  in  the  syenite  ; 
this  ran  north  and  soath,  was  ten  feet  in  width  and  was  traced  for 
sixty  feet.  He  also  reported  many  inolasions  in  the  syenito,  of 
which  Nos.  331  and  332  are  samples  ;  the  former  is  a  dark,  rather 
fine  grained  diorite,  the  latter  a  fine  grained  silicioos  schist. 

At  the  rapids  in  the  S.  E.  i  of  N.  E.  ^  sea.  30  the  river  flows 
over  angnlar  syenite  fragments.  On  the  east  shore  of  the  river 
in  the  same  ^V  section  mioa^ohiat  and  syenite  are  seen  in  contact 
There  is  not  as  sharp  a  line  here  between  the  two  rooks  as  at  the 
Above  described  locality;  the  change  from  one  to  the  other  ooonrs 
within  one  or  two  inches ;  Noe.  333  to  336  represent  this  change^ 
the  first  three  of  these  were  taken  within  a  distance  of  three 
inches. 

The  point  in  the  N.  E.  ^  of  aea  26  is  made  np  of  the  ordinary 
coarse  red  syenite  of  the  region,  but  on  the  north  side  of  this 
point,  abont  the  center  of  the  section,  is  a  dark,  rather  coarse 
grained  diorite  (No.  369).    Macrosoopioally  this  is  seen  to  oonsiHt 
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of  homblende  and  a  white  feldepai,  the  formei'  in  larger  smonnt 
than  the  latter.  Under  the  mioraaoope  the  feldspar  is  seen  to  be 
very  highly  altered  and  in  only  a  few  places  is  it  fresh  enongh  to 
show  traces  ot  polysynthetic  twinning  ;  the  hornblende  is  of  the 
ordinary  green  variety  and  is  extensively  changed  to  chlorite  and 
some  few  flakes  of  biotite.  The  relation  of  tiiis  diorite  to  the 
syenite  of  the  region  was  not  determined,  but  the  impression  is 
that  this  is  a  basic  faoies  ot  the  syenite.  The  diorite  is  cat  by  a 
fine  grained  trap  dyke  (No.  370)  and  also  by  a  light  reddish  fine 
grained  granite  (No.  371).  The  last  appears  in  qnite  an  amonnt 
and  extends  along  the  sonth  shore  of  the  river  as  far  as  the  west 
end  of  the  island  in  the  8.  E.  {  of  N.  W.  ^  see.  26.  A  short  dia- 
tanoe  beyond  this  the  diorite  is  seen  in  contact  with  a  fine  grained 
gray  granite  (No.  372),  which  is  probably  a  part  of  the  same  rook 
as  No.  371.  The  diorite  here  (Na  373)  has  both  red  and  white 
feldspar  and  seems  to  be  rather  intermediate  between  the  ordinary 
ayenite  and  the  diorite  desoribed  above  (No.  369),  thus  indicating 
the  probable  identity  of  the  two  rocks.  Na  374  shows  the  two 
rooks  (Noe.  872  and  373)  in  contact ;  the  line  is  very  sharp  and 
distinct,  bnt  at  this  place  nothing  was  seen  to  indioate  the  relative 
ages'of  the  two.  The  diorite  continoes  along  the  shore  in  the  8.  W. 
i  of  sec  26,  and  in  some  places  becomes  lighter  colored  as  shown 
by  No.  375.  In  a  westerly  facing  diorite  cliff  (N.  W.  i  of  8.  W.  i 
sec.  26)  are  three  small  dykes,  aboat  a  foot  wide,  running  diagon- 
ally up  the  (diff  towards  the  north.  No.  376  was  taken  from  one 
of  these  dykes  ;  it  is  a  dark,  rather  fine  grained  rock,  composed 
almost  entirely  of  hornblende. 

At  the  sontbern  end  of  the  bay  in  R  W.  ^  of  a  W.  ^  sec.  26 
the  syenite  again  occurs.  It  is  here  represented  by  No.  377,  which 
has  most  of  its  hornblende  altered  to  chlorite.  At  this  place  a 
small  piece  of  finely  laminated  gneiss  (No.  378)  was  foond  en- 
closed in  the  syenite.  The  weetem.  shore  in  the  E.  ^  of  sec.  27  is- 
oompoeed  of  the  syenite  similar  to  No.  377. 

Just  north  of  the  river  on  the  line  between  sec.  21  and  22  is  a 
low  ontorop  of  apfaanitio  greenstone  (Na  ?79).  It  is  mach  cracked 
and  fissnred  and  shows,  an  indistinct,  coarse  schistose  stractore, 
which  is  vertical  and  tiuib  east  and  west.  Farther  north  from  the 
lake  on  the  same  section  line  is  an  outcrop  of  very  massive  green- 
stone (No.  380),  which  is  of  coarser  grain  and  grayer  color  than 
that  last  mentioned.  This  is  seen  in  contact  with  a  qaartz  por- 
phyry (No.  381)  which  holds  a  few  qaartz  crystals,  many  white 
feldspars  and  namerons  small  pyrite  grains  in  a  grayish  gronnd- 
mass.     The  contact  line  between  the  two  rooks  is  sharp,  stands 
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verHoal  and  raos  jtorth  and  south.  Only  a  small  area  of  the 
qoarlz  porphyry  was  exposed ;  it  probably  forms  a  dyke  io  the 
greenstone.  Continaiiig  northward  on  this  section  line  for  aboat 
three-quarters  of  a  mile  from  the  river,  several  ridges  of  maeuTe 
greenstone  are  etoesed.  No.  382  shows  the  most  maBsive  and 
ooarae  grained  oondition  of  this  greenstone. 

On  the  north  shore  of  the  river,  just  west  of  the  line  between 
sees.  27  and  28  are  several  onterope  of  a  fiasnred  greenstone  simi- 
lar to  Ko.  379.  Farther  west  on  the  same  shore  and  jast  east  of 
the  portage  is  a  large  ontcrop  of  a  finely  laminated  graywaoke- 
Uke  rook  (No.  S$3);  it  is  in  some  places  mach  ooarser  grained,  as 
shown  by  No.  384.  The  strike  is  N.  15°  E.,  and  ihe  dip  from  75° 
to  80°  8.  On  the  north  side  of  the  river  and  between  tiie 
portage  and  the  head  of  the  rapids  (N.  E.  J  of  N.  £.  i  see.  28)  a 
rook  similar  to  the  last,  ezoept  that  it  is  more  massive  in  appear- 
anoe,  ie  fonnrl.  Here  on  some  of  the  weathered  sorfaoee  an  indis- 
tinct vertical  lamination  is  seen;  this  varies  somewhat  in  direc- 
tion bnt  the  general  trend  appears  to  be  abont  26°  E.  of  N.  Nob. 
386  and  386  reprtsent  the  rook  at  this  place.  This  laminated  rook 
belongs  to  a  fragmental  series  whioh  is  here  in  oontaot  with  syen- 
ita  This  series  is  made  up  of  rocks  which  are  very  often  gray- 
waokee  and  often  mioa-sohists,  with  all  intermediate  stages;  and 
there  are  also  some  facies  that  are  more  like  ooarse  grits,  silicioos 
schists  and  even  serioitio  schists.  These  different  faoies  oonstantly 
intei^ade.  For  convenience  the  term  "  graywaoke-Uke  rook  "  will 
be  need  for  the  finer  grained  and  less  orystalline  rooks  of  this 
series.  Mioa-achist  and  gneiss  will  bo  osed  to  refer  to  parts  of  the 
same  series  whioh  are  more  highly  altered. 

A  short  distance  from  the  east  end  of  the  above  mentioned  port- 
age rook  similar  to  Nob.  383  and  384  is  fonnd ;  here  the  lamina- 
tion is  distinct ;  the  strike  is  72°  E.  of  N.  and  the  dip  8.  85°.  A 
little  farther  west  the  syenite  (No.  387)  ocoors.  It  lias  a  vertical 
gneiseio  stmctnre  which  is  very  evident  on  weathered  snrfaces  ; 
this  strikes  on  the  average  abont  70°  E.  of  N.,  bat  varies  as  much 
as  15°  either  side  of  this  direction.  This  syenite  oconrs  directly 
in  the  strike  of  the  last  mentioned  ontorpp  of  laminated  gray- 
waoke-like  rock. 

Aboat  half  way  across  the  portage  is  a  soft  fissile  greenstone  or 
greenstone  schist  (No.  388).  In  this  is  a  series  of  parallel  vein- 
ings  whioh  ooincide  with  the  direction  of  the  cleavage  planes  in  the 
rook;  both  stand  vertical  and  strike  N.  80°  E.  A  few  feet  sonth 
of  this  the  ordinary  syenite  is  seen.  There  is  almost  a  oontinnoos 
exposnre   between   the   two  rocks,   and   samples  iUostrating  the 
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ohange  £rom  one  to  the  other. were  takeo.  No.  369,  from  eight 
inohes  aonth  of  388;  390  was  eight  inohea  further  soath;  then 
within  a  foot  came  391  and  392;  two  feet  farther  wae  393,  and 
three  feet  from  this  394,  which  grades  into  the  ordinary  ayenite 
represented  by  No.  387.  The  change  from  the  greenstone  schist 
to  the  syenite  is  first  noticed  by  a  small  amount  of  red  feldspar  in 
the  greenstone;  the  feldspar  gradoally  increases  in  amoairt  and 
the  green  material  decreases  until  the  ordinary  syenite  is  reached.  ^ 
The  Bohistose  strnotare  in  the  greenstone  and  the  gneisaie  stmo- 
tore  in  the  syenite  are  parallel  and  grade  into  each  ottier  as  the 
two  rooks  intermingle.  One  hundred  feet  north  of  this  place  is  a 
low  southerly  facing  bloff  of  greenstone,  much  cracked  and  fissured. 
On  the  weathered  sorfaces  it  shows  a  series  of  reddish,  vertical 
Teininga  whose  average  strike  is  N.  70°  B.,  and  almost  at  right 
asglea  to  this  are  two  nearly  parallel  systems  of  ioints  whioh  cot 
the  rook  into  small  elongated  diamond-shaped -areas.*  Speoimen 
Na  395  shows  this  jointing  fairly  well. 

Farther  west  on  the  portage  trail  more  of  the  greenstone  is  seen. 
Then  the  syenite  appears  again,  and  tieyond  this,  not  more  than 
200  yards  east  of  the  west  end  of  the  portage,  the  graywacke-Iike 
rook  again  appears.  It  has  the  distinct  lamination  seen  before  and 
strikes  N.  60°  E.;  the  dip  varies  from  80°  towards  the  north  of 
this  line  to  70°  on  the  other  side.  The  syenite  occurs  on  the  port- 
age directly  in  the  strike  of  this  rock  and  not  more  than  160  yards 
east  of  it  The  laminated  rook  is  seen  in  contact  with  the  syenite, 
which  here  lies  north  of  it,  about  50  yards  north  of  the  stream.  It 
is  here  shown  by  No.  395A,  whioh  has  considerable  serioitio  ma- 
terial developed  in  it  Eight  inohes  north  of  this  occurs  the  actual 
oontaot  between  the  two  rooks;  the  hand  speoimena  No.  396  show 
thi&  The  line  between  the  two  is  distinot,  but  the  syenite  holds 
considerable  of  the  material  of  the  other  rock.  Six  inches  north 
of  this  the  syenite  is  ahown  by  No.  397;  seven  inches  beyond  by 
No.  398;  eighteen  inches  from  this  by  No.  399,  and  four  feet  further 
north  it  has  its  usual  character  and  appearance,  as  shown  by  Mo. 
400.  At  this  place  the  contact  was  along  the  strike  of  the  lami- 
nated rock  and  there  is  nothing  to  show  their  relative  ages.  The 
syenite  now  extends  northward  for  thirty  feet,  where  it  disappears 
under  the  soil  as  it  does  just  to  the  west  of  this  pisoe.  Boulders 
of  massive  greenstone  oecor  jost  north  of  the  syenite,  bat  the  green- 
stone is  not  seen  certainly  in  place  antil  a  low  ridge  of  it  (No.  401) 
is  reached  fifty  feet  north  of  the  syenite. 

'□ompare  tbe  dlagrniBB  ot  Jointing  and  schistose  structure  In  tbe  sreenstODBS  o( 
theUeuomlDt^rlrer.  Hlcblgaii:  Bui.  82,  U.  S.  Oeol.  Siirve;,  p.  128. 
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The  high  ridge,  ronniDg  east  end.ireBt  throagb  the  N.  ^  of  K.  W. 
\  seo.  28,  is  oomposed  of  massive  greenstone.  In  plaoee  it  is  cot 
by  irregalar  branching  dykes  of  gray  qaartz  porphyry.  These 
dykee  vary  from  an  inob  np  to  more  than  a  dozen  feet  aoross.  The 
prinieipa]  and  largest  one  mns  abont  east  and  west  along  the  soath- 
ern  edge  of  the  top  of  the  ridge  and  varies  sonsiderably  in  width. 
The  contact  between  the  porphyry  and  the  greenstone  is  sharp  and 
there  is  no  intermingling  of  the  two  rocke.  At  the  contact  the 
greenstone  does  not  appear  to  be  much  changed  except  that  it  is 
more  broken  and  fissured.  Pieces  of  the  greenstone  are  inolnded 
in  thedyke.  Noe.402and403repreaenttbi3 porphyry;  the  former 
was  taken  within  three  inches  of  the  edge  of  the  dyke,  and  the  lat- 
ter abont  fonr  feet  from  the  edge.  This  rook  has  a  grayish  gronnd- 
mass  in  which  are  imbedded  a  few  qaartz  grains  and  nameroos 
flesh-ootored  and  blood-red  feldspars  The  quartz  is  more  plenti- 
ful near  the  edge  of  the  dyke  (No.  402).  In  places  the  rook  con- 
tains minute  cavities,  apparently  formed  by  the  weathering  oat  of 
certain  constitnents  of  the  rock.  Under  the  microscope  the  rock 
is  seen  to  have  a  miorogranitic  gronndmass  of  rather  variable  grain. 
In  this  are  feldspars  of  all  sizes  up  to  pieces  over  a  quarter  of  an 
inch  in  length.  The  crystal  outliDee  of  the  feldspars  are  not  nsu- 
ally  distinct  and  most  of  them  show  no  planes  at  all,  being  pieces 
with  irr^;oIar  ontlines.  Many  of  the  feldspars  show  polyaynthetio 
twinning  lamellie,  and  a  large  nnmber  do  not  Alteration  to  seri- 
cite  is  qnite  common,  and  in  some  cracks  and  areas  of  considerable 
size  in  the  gronndmass  serioite  has  been  developed  in  large  amount. 
Secondary  calcite  is  also  present.  No  distinction  between  the 
flesh-colored  and  the  blood-red  feldspars  can  be  made  in  ordinary 
section, — they  both  appear  colorless ;  and  as  yet  no  oriented  sections 
of  the  two  kinds  have  been  studied;  they  appear  very  distinct  in 
the  hand  specimen.  Scattered  through  the  rock  are  oolorless  to 
Kreenish  secondary  needles  of  chlorite  or  hornblende.  A  few 
areas  of  green  hornblende,  more  or  less  altered,  also  occur,  but  it 
is  not  possible  to  say  whether  or  not  this  hornblende  was  the  form 
of  the  original  ferro-magnesian  constituent  of  the  rook.  Sphene 
and  apatite  are  present  in  small  amount  Large  quariz  grains  are 
not  present  in  the  sections  examined,  although  macroscopic  grains 
are  often  seen  in  the  hand  specimens  collected. 

On  going  south  from  the  stream  into  the  S  E.  ^  of  N.  W.  ^  sea 
28,  the  graywocke-like  rock  is  seen  showing  the  characteristic  lam- 
ination. Soon  this  rock  begins  to  grow  more  crystalline,  and  this 
character  becomes  more  and  more  pronounced  as  one  proceeds 
southward.    No.  404  shows  this  more  crystalline  fsoies,  but  in  this 


- S^ 


STATE  GEOLOOiaX.  49 

tbe  laminatioii  is  still  distinotly  preserved.  Intetbedded  with  this 
(ure  beds  of  a  less  ar^stalline  oharaoter,  as  shown  by  No.  406,  which 
is  very  similar  to  the  mioa-sohist  found  to  the  weat  in  seo.  30,  al- 
leady  deaoribed.  Other  taoiee  of  this  rook  are  shown  by  Nob.  406, 
407  and  408,  which  are  all  oompletely  orystaUine.  The  first  of 
these  is  a  distinot  gneisH,  and  the  latter  show  no  gneissic  straotnre, 
even  on  the  most  favorable  weathered  surfaces.  Maoroaoopioally 
these  three  Bpeoimens  are  seen  to  be  composed  o£  qaarta,  a  light 
colored  feldspar,  biotite  and  some  little  hornblende.  These  rocks, 
while  oompletely  orystalUne,  can  in  no  wise  be  separated  from  the 
less  crystalline  faoies  and  the  graywaoke-Uke  rooks  already  men- 
tioned several  times.  They  are  interbedded  in  bands  from  one- 
half  inch  to  two  feet  in  thickness, — ^the  more  crystalline  always  in 
the  thicker  beds.  They  seem  to  grade  into  eaoh  other  across  the 
the  strike,  and  in  some  places  the  less  crystalline  is  replaced  along 
the  strike  by  the  more  cryatailine, — the  former  fading  oat  into  the 
latter.  The  most  orystaUine  faoies  contain  many  blaok  lens-shaped 
pieces  of  blaok  diorite  (Xo.  409);  these  pieces  are  composed  most- 
ly of  hornblende  with  some  little  white  feldspar.  The  exposores 
above  described  extend  sonth  from  the  stream  for  a  quarter  of  a  mile, 
and  beyond  this  is  low  swampy  grooud  with  no  exposnreB.  The 
strike  at  the  most  southerly  place  seen  was  N.  70°  E.,  and  the  dip 
vertical  or  very  steep  toward  the  sonth. 

A  narrow  belt  of  syenite  (No.  410)  extends  along  the  north  shore 
of  the  river  in  the  N.  ^  of  N.  E.  ^  sec.  29.  Jnst  north  of  the  sye- 
nite is  a  range  of  greenstone  hills  rnnning  east  and  west  In  some 
places  ib«  two  rooks  were  seen  within  fifty  feet  of  eadh  other,  bat  at 
no  place  was  the  janotion  between  them  seen.  The  syenite  rises  in  a 
boldblaffattheportageintheW.iofN.W.lotM.E.iBea29.  About 
one-qaarter  of  a  mile  east  of  this  portage  the  greenstone  is  oat  by 
an  irregolar  dyke  of  grayqaartz  porphyry  (No.  411).  This  dyke 
where  examined  is  three  to  ten  feet  wide  and  has  a  general  east  and 
west  direction.  It  was  also  seen,  bat  not  visited,  in  the  greenstone 
both  east  and  west  of  this  locality.  This  dyke  is  probably  a  west- 
ward oontinnation  of  that  already  deeoribed  from  the  N,  ^  of  N.  W. 
i  of  sec.  28. 

Coming  south  from  the  river  about  on  the  line  between  sees.  28 
and  29,  the  laminated  rook  and  gneiss  similar  to  that  deaoribed 
above  (Noe.  404  to  408)  are  seen  in  many  exposares.  Aboat  one- 
third  of  a  mile  from  the  river  the  syenite  saddenly  appears.  It 
was  first  seen  as  a  belt,  100  feet  in  width,  rnnning  parallel  with 
the  gneiss  which  appears  on  both  sides  of  it.  The  gneiss  {ureserves 
its  osoal  character  and  distinct  alternatioQ  of  different  bands  dear 


_.,..jglc 


50  TWENTIETH  ANNUAL  BEPORT 

to  the  syeoite.  No.  420  BhowB  this  rock  within  a  fev  feet  of  the 
eyenita  Nos.  4&1  and  422  oome  from  within  three  and  one  inches 
ruipeotiTel;  of  the  eyenite;  the  latter  is  some  more  coarsely  crys- 
tallized and  ooQtaina  many  dbtinot  hornblende  grains  and  some 
red  feldspar.  No.  423  shows  the  two  rocks  together;  the  line  be- 
tween them  is  quite  sharp  and  distinct  Ko.  424  is  the  syenite 
jost  beyond  No.  423;  it  is  quite  gneissic  in  structure.  The  strike 
of  Uid  gneiss  ia  N.  60°  E.,  and  the  gBeisaic  structure  of  the  syenite 
stands  parallel  to  this;  the  dip  is  5°  either  side  of  the  vertical.  Id 
some  plaoee  the  line  between  the  two  rocks,  instead  of  running 
with  the  lamination,  runs  sotobb  the  strike  for  a  few  inches.  In 
other  places  the  syenite  is  more  completely  granitic  in  struotare, 
as  shown  by  No.  426.  A  short  distance  south  of  this  the  gneiss  is 
mnoh  contorted  and  is  out  by  stringers,  two  to  three  feet  across,  of 
the  syenite;  some  of  these  rnn  with  the  lamination  of  the  gneiss 
and  others  cot  aorose  it.  There  is  no  gradation  from  the  gneiss  to 
the  syenite;  tiie  line  between  the  two  is  dear  and  sharp.  Further 
south  the  syenite  becomes  the  prevailing  rook,  and  in  many  places 
it  holds  lenticular  masses  of  the  gneiss. 

On  the  south  shore  of  the  river  just  west  of  the  line  between 
sees.  28  and  29  the  laminated  rock  ia  seen.  Still  further  west,  about 
half  way  from  this  section  line  to  the  rapids,  which  are  about  in 
the  N.  W.  i  of  N.  E.  ^  sec.  29,  the  syenite  again  appears,  but  less 
than  200  feet  south  from  the  shore  it  oomes  in  contact  with  the 
laminated  rock.  Tbe  junction  here  is  along  the  strike  of  the  lam- 
inated rock  and  the  syenite  was  not  seen  cutting  across  the  strike. 
The  line  between  the  two  was  distinct  and  easily  seen  on  weath- 
ered snrf  aces.  From  the  rapida  jnat  mentioned  west  to  the  east  line 
of  sec.  30  the  laminated  rock  oconra  on  the  south  shore  and  a  high 
bluff  of  it  is  aeen  just  south  of  the  river  on  this  section  line.  The 
little  bay  in  the  N.  E.  ^  of  N.  E.  ^  sec.  30  has  syenite  on  its  south 
and  greenstone  on  its  north  shore. 

Mr.  Wood  went  south  from  the  river  about  on  the  line  between 
aecB.  29  and  30.  He  found  the  laminated  rook  in  place  all  the  way 
until  nearly  half  a  mile  from  the  river,  when  the  syenite  was  seen. 
No.  426  shows  the  laminated  rock,  which  here  approaches  a  mica- 
Bchist,  and  No.  427  is  more  accurately  a  mica-schist.  This  latter 
facies  of  the  rock  was  that  most  commonly  seen,  but  that  seen 
nearest  the  syenite  was  more  like  No.  426. 

The  north  shore  of  the  river,  in  the  N.  ^  of  N,  W.  ^  sec.  29,  is 
made  of  greenstone,  bat  the  syenite  <jomee  in  at  the  water'a  edge 
just  west  of  the  portage  in  the  eastern  edge  of  this  quarter  section. 
I  went  north  from  the  river  on  the  west  line  of  this  section  for  one- 
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third  mile,  bnt  found  iio  rook  ezoept  massiTe  greenstone,  oE  which 
seTer&l  exposures  were  seen.  About  one-fonrth  of  b  mile  east  of 
this  line  and  just  north  of  the  river  the  greenstone  is  ont  by  a  dyke 
of  reddish  fine  grained  rook  (Na  428)  resembling  a  syenite  por- 
phyry. The  dyke  has  an  east  and  west  direction  and  was  traced 
for  fifty  feet  The  sides  of  it  were  covered  by  soil,  and  as  far  as 
seen  it  was  not  more  than  ten  feet  wide. 

The  point  on  the  sooth  side  of  the  river,  io  the  W.  J  of  N.  W.  i 
of  N.  W.  i  sec.  27,  is  made  np  of  the  laminated  rock*  and  is  well 
shown  by  the  specimens  already  described, — Kos.  383  to  386.  The 
strike  varies  from  N.  30"  E.  to  46  E.,  and  the  dip  from  75°  to  80° 
8.  E.  Along  the  shore  iost  west  of  this  point  the  laminie  are  mnch 
contorted.  The  point  on  the  north  side  of  the  little  l»y  in  the 
same  ]V  section  is  also  made  of  the  same  rock.  The  sm^l  island 
in  this  bay  is  composed  mostly  of  the  syenite,  bat  the  northern 
side  has  a  little  of  the  laminated  rook.  Near  the  syenite  this  rook 
changes,  becoming  more  crystalline  and  aoqairing  some  reddish 
feldspar  (Mos.  429,  430  and  431);  bat  this  condition  exists  only 
within  a  few  iQcbee  of  the  syenite,  in  (act  the  syenite,  as  shown  by 
Na  432,  is  seen  within  six  isehes  of  the  above  specimens.  The 
jnnotion  between  the  two  is  easily  seen  as  s  pretty  distinct  line  on 
weathered  Barfaces.  Small  pieoes  of  the  laminated  rock  were 
fonnd  in  the  syenite;  No.  483  is  from  one  of  these.  On  the  shore 
just  east  of  this  the  syenite  is  intimately  mixed  with  the  laminated 
rock;  still  the  line  between  the  two  is  distinot  and  the  syenite 
seems  to  have  enclosed  pieces  of  the  other  rook.  In  one  place  the 
syenite  holds  a  small  area  of  a  dark  compact  mioa-sohiat  (No.  434), 
which  is  reaUy  part  of  the  laminated  rook,  and  shows  lamination 
in  favorable  places.  No.  436  shows  this  rock  and  the  syenite  to- 
gether; they  are  marked  off  from  each  other  by  a  sharp  line. 

The  laminated  rook  is  again  seen  on  both  points  of  the  promon- 
tory in  the  N.  £.  i  of  N.  W.  ^  sec.  27,  but  the  syenite  appears  ou 
.  the  western  shore  of  the  little  bay  in  this  ^  section  and  also  on  the 
Bonth  and  east  sides  of  it.  At  the  sontheaetem  corner  of  this  bay 
the  rock  has  a  decidedly  schistose  stmotare  and  there  are  alternat- 
ing bands  of  schistose  syenite  (No.  436)  and  rook  similar  to  Nos. 
429  and  431  which  appears  to  be  an  altered  condition  of  the  lam- 
inated rook;  this  is  shown  by  Nos.  437  and  438.  These  bands  of 
syenite  and  Nob.  437  and  438  vary  from  one  inch  to  one  foot  in 
vridth,  and  they  are  parallel  to  the  sobistosity  of  both  rocks.    This 
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is  N.  40°  E.  and  the  dip  nearly  Tertioal.  Nos.  437  and  438,  while 
Btill  retaining  oonaidenible  of  the  serioitio  material,  have  large 
qoantities  of  reddish  feldspar  and  some  hornbleode  developed  in 
them.  Between  these  bands  and  almost  always  running  parallel 
with  them  are  vein-like  forms  of  a  fine  grained  pinkish  granitic 
rock  (No.  439)  holding  flesh  colored  feldspar  phenoaryate.  These 
veins  vary  from  one  to  ten  inches  across  and  rapidly  change  their 
thickness  in  a  short  distance.     They  are  also  frequently  faulted. 

On  the  north  shore  of  the  taver  in  the  N.  W.  ^  of  N.  W.  1  see. 
27  the  laminated  rock  is  found,  and  just  north  of  this  is  a  belt  of 
syenite  150  feet  wide,  separating  this  rook  from  the  greenstone. 
The  junction  of  the  syenite  and  laminated  rook  was  seen  in  one 
place ;  the  phenomena  at  the  contact  are  the  same  as  those  already 
described  under  Nos.  395A  to  400.  The  line  between  the  two 
rocks  runs  parallel  with  the  strike  of  the  laminated  rook  and  is 
quite  easily  distingnished.  The  syenite  is  also  seen  in  contact 
with  the  greenstone  ;  the  change  from  one  rock  to  the  other  occu- 
pies one  or  two  feet  and  is  essentially  the  same  as  that  desoribed 
above  under  Moe.  388  to  394.  In  some  places  in  this  vicinity  the 
syenite,  especially  when  in  close  proximity  to  the  greenstone,  be- 
comes very  schistose,  as  is  shown  by  Ko.  440,  which  is  dark  col- 
ored and  shows  a  decidedly  gneiasic  strnoture;  but  generally  in 
this  ^r  section  the  syenite  is  dark,  massive  and  chloritic  (Na  441). 
The  syenite  extends  along  the  north  shore  from  this  [.lace  to  the 
small  bay  in  the  S.  E.  ^  of  S.  £.  ^  sec.  22.  It  forms  only  a  narrow 
belt  between  the  river  and  the  greenstone  ridge  jost  north  of  it. 
Along  this  shore  the  syenite  varies  from  a  massive  state,  similar 
to  No.  432,  to  a  more  chloritic  f  No.  441)  and  schistose  condition 
(Na  440). 

The  island  in  the  middle  of  the  river  just  north  oC  the  west  end 
of  the  promontory,  in  the  N.  E.  ^  of  N.  W.  ^  sec.  27,  is  composed 
entirely  of  the  graywaoke-like  rock.  The  lamination  is  very  pro-  - 
nounced  and  the  strike  is  quite  constant,  being  about  N.  63°  £.; 
the  dip  is  nearly  veriioal.  This  strike  would  carry  the  rook  into 
the  north  shore  of  the  river  less  than  a  quarter  of  a  mile  east  of  the 
island,  but  there  the  syenite  is  seen  and  there  is  no  sign  of  the 
graywacke-like  rock. 

On  the  little  bay,  in  the  S.  E.  i  of  S.  E.  ^  sec.  22,  the  graywacke- 
like  rock  is  again  seen  just  norih  of  the  sonth  line  of  this  section- 
The  lamination  is  very  distinct,  and,  while  varying  some,  has  a 
general  northeasterly  strike.  A  short  distance  south  of  this  the 
syenite  appears  and  extends  along  the  north  side  and  to  the  end  of 
the  point  which  makes  the  eoathern  side  of  this  bay.    The  gray- 


STATE  GEOLOOIBT.  58 

waobe-like  rook  mokes  up  the  southero  heXt  of  this  point;  it  is 
maoh  twisted  and  orampled.  Its  janotion  with  the  syenite  was 
Been  in  one  place;  the  line  between  this  (No.  442)  and  the  syenite 
(maasiTe  and  similai  to  No.  432)  was  distinct  Just  at  the  contact 
the  graywacke-like  rock  showed  distinct  laminatioa  in  bnt  a  few 
small  areas  and  here  it  faded  out  in  a  short  distance.  Away  from 
the  contact  the  lamination  was  very  evideDt,  thongh  much  twisted, 
and  the  rook  was  more  like  Nob.  383  and  384.  The  massive  sye- 
nite is  seen  again  on  this  point  joat  east  and  west  of  the  line  be- 
tween sees.  26  and  27. 

In  the  N.W.  i  of  N.  W.  J  of  N.  W.  J  sec.  36,  the  syenite  is  found  on 
the  shore.  Jnst  north  of  it  the  graywacke-like  rook  is  seen ;  this  be- 
comes somewhat  more  crystalline,  as  shown  by  Nos.  413  and  444, 
and  it  seems  to  pass  gradually  into  No.  446,  which  is  a  distinct  gray 
gneiss.  Hcwever,  this  gneiss  was  seen  to  hold  sharply  defined 
lenticolar  pieces  of  rock  similar  to  some  faoies  of  the  greenstone. 
No.  446  shows  the  gneiss  and  part  of  one  of  the  lenticular  pieces 
in  it.  The  janction  of  the  gneiss  and  syenite  was  not  seen.  The 
syeiiite  here  presents  a  decidedly  gneissic  strnotnre,  bat  this  grades 
into  the  more  massive  Eacies  within  two  or  three  feet.  The  phen- 
omena here  seem  to  be  about  the  same  as  those  described  nnder 
Nos.  404  to  409;  the  gneiss  (Na  445)  is  apparently  a  changed  con- 
ditioD  of  the  graywaoke-like  rock,  althongh  in  some  places  the  two 
are  separated  by  a  sharp  line.  Fifteen  feet  north  of  this  the  gray- 
wacke-like rock  again  appears;  it  is  nearly  Tertical,  and,  while  bent 
in  some  places,  there  is  a  decided  general  strike  of  N.  60°  £.  At 
times  the  rock  is  similar  to  Nos.  383  and  384^  and  again  like  No. 
443.  This  graywacke-like  rock  oontinaes  northward  for  aboat  200 
feet  and  then  Uie  syenite  oocan).  The  two  are  separated  by  low 
ground  with  no  ezposnrea. 

The  syenite  oontinaes  northeastwardly  along  the  northwest  shore 
of  this  bay  (N.  ^  of  N.  W.  ^  sec.  26)  for  some  distance,  and  in  it  is 
a  band  of  the  graywacke-like  rock  ten  feet  wide.  This  is  sharply 
marked  off  from  the  syenite  on  each  side,  and  is  distinctly  laminated, 
fltrikiog  northeast.  In  some  places  this  band  is  similar  to  No. 
443,  bat  the  most  of  it  is  mica-eohist,  as  shown  t>y  Na  447.  On 
the  north  side  of  this  bay  hills  of  greenstone  are  seen  in  the  N.  W. 
4  of  N.  W.  1  sec.  26.  The  greeostoue  and  syenite  were  seen  within 
fifty  feet  of  each  other,  bat  the  janction  was  not  foand.  The  sye- 
nite becomes  schistose  and  chloritic  near  the  greenstone,  as  has 
l>een  described  futher  to  the  west:  Within  300  feet  of  the  green- 
stone the  syenite  holds  irregalar  sharply  outlined  pieces  of  the 
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geenstone,  which  are  from  one  to  ten  feet  in  diameter.  On  the 
weathered  aaifaces  these  pieces  rery  closely  resemble  the  green- 
stone in  the  hills  just  to  the  n;)rth,  but  on  freshly  broken  sarfaoeB 
the  rock  is  seen  to  be  slightly  darker  than  the  greenstone  in  the 
hills.  No.  448  is  from  one  of  these  pieces  in  the  syenite.  The 
greenetoae  in  the  hills  near  the  syenite  has  a  schistose  stractnre, 
as  shown  by  No.  419.  This  is  twisted  and  Bomewhat  irregular,  bnt 
the  general  strike  is  N.  65°  E.,  and  the  dip  about  vertioaL  Ttie 
rock  is  lighter  in  color  than  the  ordinary  greenstone  and  oontains 
some  feldspar  which  weathers  reddish.  A  Bhort  distance  to  the 
east  the  greenstone  Bbsames  the  characteristic  green  color  seen 
farther  to  the  west,  bat  the  aohistoae  stmotare  does  not  altogether 
disappear.  On  the  eaatem  side  of  the  small  point  on  the  north 
shore  of  this  bay  the  syenite  occurs  in  a  low  outcrops  It  is  here  in 
contact  with  the  graywaoke-like  rock,  bat  seems  to  eueloee  masaes 
of  this  rock.  The  syenite  here  is  mostly  massive,  bat  in  a  few 
placed  shows  a  gneissio  strnctare  which  rans  northeastwardly, 
^here  are  pieces  (a  foot  or  so  in  length)  of  the  gray waoke-like  rook 
enclosed  in  the  syenite;  meet  of  these  are  fsoiee  of  the  rook  ap- 
proaching niicar«ohist.  These  pieces  are  mostly  irregalsrly  lentio- 
nlar  in  shape  and  the  lamination  is  parallel  with  their  long  axes, 
which  osnally  lie  in  a  northeasterly  direction.  Syenite  oooars  on 
the  east  shore  of  this  bay. 

The  shores  of  the  little  bay  which  lies  partly  in  the  extreme 
eoathern  part  of  sec.  23  are  lined  with  syenite  of  the  ordinary 
massiTC  kind.  About  100  yards  north  of  the  northwest  corner  of 
the  bay  is  a  hill  of  syenite  which  presents  the  schistose  and  chlor- 
itic  character  seen  several  times  in  close  proximity  to  the  green- 
stone. At  the  extreme  eastern  end  of  the  bay  the  syenite  ia  seen 
in  contact  with  a  dark  diorite  (No.  460),  which  is  spotted  by  large 
blotches  of  hornblende.  The  oontaot  line  is  sharp,  as  shown  by 
Ko.  461,  and  neither  of  the  rocks  appears  changed  at  the  contaot 
The  syenite  is  cut,  on  the  eastern  shores  of  the  bay,  by  a  coarse 
grained  p^matite  (No.  452).  This  consists  of  large  flesh-colored 
feldspars  and  small  quartz  grains,  and  often  shows  a  trne  peg< 
matitic  etractare. 

From  this  bay  to  the  rapids,  is  the  E.  }  of  B.  E.  ^  sec.  24,  the 
north  shore  of  the  river  has  numerous  outcrops  of  the  ordinary  ■ 
maaeive  syenite.  No  mica-schist  or  graywaoke-like  rock  was  seen 
along  this  shore,  although  special  search  was  made  for  them. 

On  the  south  shore  of  the  river,  in  the  N.  W.  ^  of  sec.  25,  there 
is  a  westerly  facing  gabbro  cliff.  On  the  face  of  the  cliff  was  a 
small  area,  a  foot  square,  of  a  reddish  syenite  bearing  maob  biotite; 
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the  specimen  oolleoted  (No.  ^0)  sboTS  this  rock  and  the  gabbto. 
No  other  rock,  except  the  gabbro,  was  foond  on  the  cliff.  Just  at 
the  foot  of  the  cliff  was  a  large  block  of  gray  Bjeuite  (No.  46L)  and 
fieveral  small  red  syenite  fragments  (Ko.  462);  these  looked  as  iE 
they  had  been  broken  off  from  the  face  of  the  oliff.  This  is  pos- 
sibly the  line  of  jnotion  between  the  syenite  and  the  gabbro,  bnt 
Dothintf  more  than  above  stated  oonld  be  seen.  The  gabbro  vas 
the  ordinary  coarse  grained  f acies. 

The  syenite  of  seo.  26  Taries  a  little  from  that  described  from 
sec.  27.  It  is  represented  by  Na  463,  which  is  somewhat  £ner 
grained  than  the  ordinary  faoies  and  is  lighter  in  color,  being  more 
of  a  gray  than  a  sed  syenite,  bat  on  weathering  it  takefa  on  a  red- 
dish color. 

The  riTsr  in  the  8.  W.  J-of  sec.  19,  T.  63-9,  has  two  rapid  chan- 
nels around  a.sma11  island,  not  shown  on  the  towDship  plat.  The 
portage  is  along  the  sonth  shore  of  the  sonthern  channel.  At  the 
east  end  of  this  portage  gray  syenite,  similar  to  No.  463;  oocnrs.' 
Jnst  beyond  the  portage  and  on  the  sooth  shore  of  the  island  is  a 
dark  rock  (No.  464)  which  seems  to  be  intermediate  between  the 
gabbro  and  the  syenite.  It  is  a  very  compact  rook  of  medinm  grain 
and  oniform  dark  color,  and  on  a  freshly  fraotared  enrfaoe  shows 
in  places  yellowish  color  dae  to  miunte  cracks;  on  weathered  sar- 
faces  it  has  the  appearance  of  the  gabbro.  This  rock  grades  into 
the  syenite  (No.  467)  through  Nos.  465  and  466.  The  syenite  was 
found  at  only  one  place,  and  that  at  the  foot  of  a  low  cliff;  the 
change  from  No.  464  to  the  syenite  ooonpies  two  or  three  feet. 
This  seems  to  be  the  junction  of  the  gabbro  and  the  syenite,  bat 
DO  true  gabbro  was  found  on  the  island,  and  it  is  not  certain  that 
No.  464  does  represent  the  contact  fsciee  of  the  gabbro.  Near  the 
eastern  end  of  the  island  gray  syenite,  shown  by  No.  469,  ia  again 
seen.  The  ordinary  coarse  grained  gabbro  (No.  468)  occurs  on  the 
sontb  shore  of  the  river  jnst  opposite  this  island,  and  on  this  shore 
no  syenite  was  found.  From  this  island  the  syenite  continues 
along  the  west  side  of  the  river  to  the  western  end  of  the  little  bay 
in  the  8.  E.  ^  of  N.  W.  i  see.  19,  T.  63-9.  The  only  exception  to 
this  is  that  on  the  south  side  of  the  point  about  the  center  of  sec. 
19,  T.  63-9,  the  gabbro,  similar  to  No.  468,  is  seen  in  a  low  outcrop. 
Thirty  feet  north  of  this  gabbro  is  a  gray  rook  (No.  470)  which 
seems  to  be  intermediate  betweeu  the  gabbro  and  the  syenite.  And 
100  feet  north  of  this  the  syenite  is  again  seen.  There  is  no  con- 
.tinuons  exposure  between  this  syenite  and  the  gabbro  mentioned 
above.  In  places  on  a  little  island,  which  lies  jnst  off  the  end  of 
this  point,  the  syenite  has  a  gueissic  structure  which  stands  about 
vertical  and  strikes  N.  40°  E. 
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'  On  the  Dortb  side  of  the  bar,  in  the  S.  E.  ^  of  N.  W.  ^  sec.  19, 
T.  63-9,  are  manyoatcrope  of  a  very  fine  grained,  aphanitio  grayish 
Tock.  It  is  shown  by  Nos.  471  and  472.  This  is  apparently  a  f  aoies 
of  the  Kreenstone.*  It  oontinaes  for  an  eighth  of  a  mile,  and  prob- 
ably maoh  farther,  north  from  the  river.  This  rock  oontinnea 
along  the  north  shore  of  the  river  for  abont  a  mile  from  this  bay. 
On  the  line  between  sees.  19  and  20,  a  few  rods  back  from  the  wa- 
ter (north  shore  of  river),  is  an  exposure  of  a  fine  grained  maBsive 
diorite  (No.  473).  This  was  not,  as  far  as  seen,  sharply  separated 
from  the  rook  shown  by  Nos.  471  and  472.  Greenatons,  or  a  rook 
intermediate  between  the  greenstone  and  this  diorite,  was  traced 
north  on  this  section  line  for  abont  a  third  of  a  mile. 

Small  lakes  in  T.  63-10,  north  of  the  Kawiahitoi  river. 
Starting  from  the  river,  on  the  line  between  seos.  28  and  29,  is  a 
portage  which  mns  north  to  a  narrow  lake,  which  lies  in  sees.  15, 
16,  20  and  21.  The  portage  crosses  several  greenstone  ridges. 
These  present  an  extremely  massive  appearance;  this  is  especially 
noticeable  towards  the  north  end  of  the  portage.  Mo.  412  fairly  rep- 
resents this  greenstone;  it  is  a  dark  green  aphanitic  rock;  it  was 
taken  from  an  outcrop  on  the  portage  abont  an  eighth  at  a  mile 
north  of  the  section  comer.  Greenstone  of  the  same  massive  kind, 
with  no  evidence  of  schistosity  or  lamination,  extends  along  the 
shores  of  this  lake  in  section  20.  At  the  west  end  of  the  lake  a  dyke 
of  gray  granite  porphyry  (Na  413)  cats  the  greenstone.  The  gen- 
eral direction  of  the  dyke  is  east  and  west,  but  not  enough  of  it  was 
exposed  to  show  the  exact  width,  though  this  is  probably  not  more 
than  fifteen  feet  In  the  rock  are  many  quartz  and  feldspar  pheno- 
orysts,  some  of  the  latter  being  a  half  an  inch  in  length.  Macro- 
Boopioally  this  rook  closely  resembles  No.  417,  which  will  be  de- 
scribed more  in  detail.  A  small  island,  in  the  W.  ^  of  S.  W.  ^  of 
N.  W.  1  see.  21,  also  shows  more  of  this  granite  porphyry.  Green- 
stone extends  along  the  north  shure  in  sea  21,  bat  on  the  point,  in 
the  N.  W.  i  of  N.  E.  ^  of  the  same  section,  there  is  a  bluff  of  a 
fine  grained  red-weathering  silioeoos  rock  (No.  414),  which  is  proba- 
bly a  tacies  of  qaartz  porphyry.  Just  north  of  this  bluff  the  green- 
stone occurs,  but  the  junction  of  the  two  rocks  was  not  seen. 
Greenstone  appears  to  make  the  rest  of  the  lake  shore,  but  on  the 
east  side  of  the  little  bay  (soath  shore  of  the  lake),  in  the  W.  i  of 
N.  E.  1  sec.  21,  a  dyke  of  quartz  porphyry  is  seen  catting  the  green- 
stone.   This  dyke  is  fifty  feet  wide,  stands  vertical  and  strikes  a  lit- 
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tie  north  of  west;  this  strike  woald  carry  it  directly  ioto  the  rook 
Ko,  41^  mentioned  above,  which  is  probably  a  oontinoation  of  this 
dyke.  The  contact  between  the  greenatone  and  quartz  porphyry  is 
abarp  and  distinct,  and  the  former  does  not  aeem  to  be  especiedly 
altered  near  this  line.  The  centre  of  the  dyke  is  maoh  coarser 
grained  than  the  edge.  No.  415  shows  the  greenstone  within  two 
inches  of  the  dyke;  No.  416  is  the  quartz  porphyry  two  inches  from 
the  edge  of  the  dyke,  and  No.  417  is  the  same  from  the  centre  of 
the  dyke.  The  qaartz  porphyry  (No.  417)  is  of  a  general  pinkish 
color;  it  contains  many  qnartz  and  feldspar  phenocryste,  the  latter 
being  white  and  desh-colored.  A  few  small  specks  of  a  dark  min- 
eral are  also  present.  The  rock  seems  to  the  nnaided  eye  to  have 
no  nnindiyidnalized  gronnd-mase,  bat  microsonpically  the  rook  , 
shows  a  decided  micn^anitic  ground- maas  of  rather  small  but  ir- 
regular grain.  Imbedded  in  this  are  numerous  feldspar  pheno- 
oryats  of  all  sizes  up  to  those  nearly  half  an  inch  in  length.  Most 
of  these  feldspars  show  their  crystallographic  outlines  on  all  sides, 
bat  some  few  appear  as  frdgments  partiaUy  bounded  by  crystal 
planes.  Zonal  stmctare  is  qnite  common,  and  about  half  of  the 
individuals  show  polysynthetic  twinning  lamellce.  Quartz  individ- 
nals  of  good  size  are  also  present,  but  are  not  nearly  as  abundant 
as  the  feldspars.  The  quartzes  are  all  corroded  and  show  no  crystal 
faoes,  Eind  they  frequently  have  large  embayments  filled  in  with 
the  ground-maas.  tiome  of  the  quartz  shows  nndnlatory  extinction, 
but  otherwise  the  rook  gives  no  evidence  of  having  been  subject  to 
presanra  bcattered  through  the  gronnd-masa  are  irregularly  out- 
lined green  areas  composed  of  chlorite  and  epidote.  What  the 
original  ferromagnesian  oonstitaent  of  the  rock  was  is  now  impos- 
sible to  determine.  A  few  small  acute  rhombs  of  sphene  are  also 
present.  The  rock  is  properly  a  microgranite.  Book  No.  416,  from 
the  edge  of  this  dyke,  presents  the  same  appearance  as  that  just 
described,  except  that  the  ground-mass  is  of  some  finer  grain  and 
the  feldspar  ia  mostly  in  fragments. 

The  shores  of  this  lake  seem  to  be  made  entirely  of  greenstoDe, 
«at  in  a  few  places  by  quartz  porphyry  dykes.  The  greenstone  is 
very  massive  and  in  no  place  where  examined  shows  any  evidence 
of  lamination  or  sohistosity.  It  la  well  represented  by  No.  412, 
from  the  portage  sonth  of  the  lake,  and  by  No.  418,  from  the  north 
shore  on  the  line  between  sees.  16  and  21. 

From  this  lake  there  is  a  trail  running  north  on  the  line  between 
sees.  15  aud  16  to  a  small  lake  lying  in  the  N.  W.  ^  of  sec.  15  and 
the  N.  E.  ^  of  sec.  16.  No  rock  is  in  situ  along  this  trail,  but  at 
the  shore  of  the  latter  lake  the  greenstone  is  In  place.    The  shores 
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of  the  lake,  as  tut  aa  coald  be  seen  from  the  meander  corner,  w&ie 
lined  with  rock  which  had  all  the  appearance  of  greenstone.  On 
this  trail  and  a  few  yards  soath  of  the  lake  is  a  low  hill,  the  north 
side  of  wliioh  shows  many  angnlar  fragments  of  rock.  This  rock 
ia  made  up  of  alternating  bands  of  oompaot  black  slate  and  bands 
of  almost  pare  magnetite.  These  bands  Tary  from  one-eighth  of 
an  inch  to  an  inch  in  thickness.  They  are  very  regular,  and  on  the 
whole  the  rock  is  very  similar  to  some  Kewatin  ore  described  from 
Ottertrack  lake.*  The  fragments  of  this  rock  were  of  all  sizes  np 
to  those  three  feet  in  diameter,  and  while  no  pieces  were  exactly 
in  situ,  still  there  can  be  no  doabt  bat  that  the  rock  is  in  situ  jnst 
bolow  these  fragments.     No.  419  represents  this  rock. 

From  the  north  shore  of  the  £awiehiwi  river,  in  the  N.  S.  ^  of 
S.  W.  J  sec.  24,  a  portage  rone  aorthweaterly  to  the  soatheast  comer 
of  Triangle  lake.  This  lake  lies  in  aeos.  13, 14, 23  and  24,  T.  63-10. 
Jnst  north  of  the  river  the  portage  croeaes  a  low  ridge  of  gneissie 
syenite,  and  a  short  distance  beyond  is  a  ridge  of  the  graywacke- 
like  rock.  This  latter  is  shown  by  Nob.  463,  454  and  455.  Jost 
east  of  the  portage  this  ridge  is  seen  to  better  advantage;  here  the 
strike  is  N.  60°  E.,  and  the  dip  vertical.  Fifty  feet  north  of  this 
ridge  massive  greenstone  (No.  466)  is  seen.  The  two  rooks  were 
traced  within  thirty  feet  of  each  other,  bat  the  junction  was  covered 
by  soil.  Beyond  this  more  greenstone  ridges  are  seen  on  the  port- 
age; nsnally  the  rock  is  massive  in  appearance,  but  it  sometimes 
shows  an  indistinct  schistose  structure  which  stands  vertical  and 
atrikes  about  northeast  About  half  way  over  the  portage  is  e  ridge 
of  greenish,  finely  laminated  rock,  represented  by  No.  457.  The 
lamination  is  very  distinctly  seen  on  weathered  surfaces,  and  ia 
places  the  rock  is  decidedly  slaty.  The  strike  is  N.  65°  E.,  and  the 
dip  vertical.  This  rock  seems  to  be  a  faoies  of  the  greenstone. 
Beyond  this  rock  greenstone  is  seen  in  several  places  on  the  trail 
before  reaching  Triangle  lake.  Several  outcrops  on  the  east  shore 
of  this  lake  were  examined,  bnt  the  rock  was  all  greenstone. 

From  the  northeast  oomer  ot  Triangle  lake  a  porta^  of  a  few 
yarda  leads  to  Northwest  lake,  which  lies  in  sees.  11, 12, 13  and  14. 
T.  63-10,  and  sees.  7  and  18,  T.  63-9.  On  the  soath  aide  of  a  small 
island,  in  the  N.  E.  ^  of  N.  W.  i  seo.  13  (Northwest  lake),  is  a  low 
outcrop  of  altered  tjoartz  porphyry  (No.  468).  This  rock  has  the 
groand-masB  almost  entirely  changed  to  a  serioitic  condition,  but  it 
still  contains  many  porphyritio  quartzes  and  large  pinkish  feld- 
spars.   Some  of  the  feldspars  are  an  inch  long;  they  can  be  read- 


h  {Ifm  Aonuol  Koporb,  pp.  llS-113. 


D,qit,zeabvG00»^lc 


IJiqitaeOwGoOl^lc 


,  Goo<^lc 


STATE  QEOLOOIST.  59 

ily  broken  oat  of  the  groand-maeB  aod  tbey  show  complete  oryBtal 
oatlines.  The  serioitio  grnasd-maBB  gires  a  rotigli  Bcbietoae  strac- 
tare  to  the  rook;  the  strike  of  this  is  N.  60°  E.,  aod  the  dip  aboat 
TertioaL  The  aonth  shore  of  this  lake  was  exaiDioed  in  several 
places  And  the  greenstone  was  the  only  rock  seen;  this  extends  to 
the  extreme  eastern  end  of  the  lake  in  the  N.  E.  {  of  sec.  18,  T. 
63-9.  On  the  north  aide  of  the  lake,  in  the  N.  E.  ^  of  N.  E.  }  see. 
13,  T.  63-10,  the  greenstone  has  a  pecnliarly  mottled  appearance^ 
This  is  shown  by  No.  459.  It  is  dne  to  nnmerons  black  blotches, 
apparently  of  hornblende. 

Qeologieal  map  of  part  of  the  Knwishiwi  river. 
The  distribution  of  the  different  rock  masses  in  that  part  of  the 
EawishiTi  ri-ver,  deaoribed  in  the  foregoing  field  notes,  is  shown 
<m  the  acoompanying  map.  Five  distinct  rook  types  are  present 
the  characters  and  relationa  of  which  have  already  been  briefly 
given.  The  gabbro  is  the  moet  recent;  it  covers  parts  of  the  older 
rooks  and  is  very  extensively  developed  jast  to  the  south  of  the 
area  of  this  map.  The  syenite  is  older  than  the  gabbro,  and  is 
younger  than  the  greenstone  and  mioa  schist,  both  of  which  it  cuts 
in  a  trnly  irraptive  manner.  The  mica-sohists,  graywaokes,  eta. 
stand  vertical  and  have  a  general  E.  N.-E.  strike;  they  belong  to 
what  has  been  mapped  as  the  Yermilion  eeriee,  but  there  seems  to 
be  good  reason  for  putting  all  of  this  type  of  rocks,  in  the  area  of 
this  map,  into  the  Eeewatin.    The  greenstone  is  presumably  of 
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Eeewatin  age  and  is  probably  younger  then  the  mios-sohiets,  gray- 
waokes, etc.  Quartz  porphyry  dykes  are  found  cutting  the  green- 
stone in  several  places,  but  they  have  sot  yet  been  seen  in  the  other 
rocks  in  this  immediate  vioisity. 

B.      SNOWBANK   LAEB   ABEA. 

The  outlines  of  the  granite  on  this  lake  were  traced  maoh  lees 
minately  than  those  of  any  other  of  the  areas  visited.  In  fact  bat 
a  short  time  was  spent  in  this  vioiuity,  and  the  only  things  to  whioh 
mnch  attention  was  given  were  the  nature  of  the  granite  and  it» 
relations  to  the  stirronnding  rooks. 
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Poriage  from  the  Kawishiwi  river  to  Snowbank  lake. 

This  portage  starts  from  the  river  in  the  N-  E.  J  of  N.  W.  i  sea 
IS,  croeaes  the  8.  E.  ooraer  of  sec.  10  sad  reaobea  Soovbank  lake 
at  its  sonthvestern  ooraer  in  the  8.  E.  \  of  K,  E.  \  eeo.  11;  all  in 
T.  63-9.  No  rook  bnt  the  ordiDary  ooarae  grained  gabbro  was  Been 
until  after  reaching  the  8.  W.  J  of  eeo.  11.*  Aboat  one-third  of  a 
mile'  east  of  the  line  between  seca.  10  and  11  is  a  low  ridge  of  ooarse 
pinkish  syenite  (Xo.  474).  A  short  distance  beyond  this  is  an  oat- 
orop  of  fine  grained  red  syenite  (Xo.  476),  and  farther  on,  jost  to 
the  right  of  and  on  the  portage,  is  a  ooarse  pink  syenite  (No,  476) 
mnoh  resembling  No.  474.  A  little  farther  is  a  dark  colored  rather 
fine  grained  diorite  (No.  477),  and  jast  beyond  this  is  another  still 
finer  grained  diorite,  whioh  oontinaes  for  a  short  distance,  where 
it  is  cat  by  veins  of  a  fine  grained  gray  to  reddish  syenite  (No.  478); 
at  this  latter  place  the  finer  diorite  is  represented  by  No.  479.  On 
the  north  side  of  the  same  ridge  in  whioh  the  last  two  rooks  oocar 
a  gray  porphyritio  syenite  (No.  480)  is  seen.  The  relation  of  this 
to  the  other  rocks  oonld  not  be  determined.  Farther  on  and  a 
short  distance  to  the  left  of  the  trail  is  a  low  ridge  of  this  same 
gray  porphyritio  syenite,  here  represented  by  Na  481.  There  are 
thus  seen  on  this  portage  several  apparently  distinct  kinds  of  sye- 
nite, but  the  relations  between  them  wure  not  ascertained,  as  there 
were  but  few  outcrops  and  in  no  exposure  did  two  of  these  syenites 
occur  together. 

Snowbank  lake. 

On  the  west  shore,  in  the  N.  \  of  N.  E.  \  sec.  U,  T.  63-9,  a  fine 
grained  syenite  (No.  482)  in  seen;  this  is  quite  similar  in  appear- 
ance to  Nos.  480  and  481.  Farther  north  syenite  is  again  seen  on 
the  shore;  here  it  is  coarser  grained  and  not  at  all  like  No.  482. 
This  coarser  grained  syenite  extends  along  the  west  shore  into  the 
northwest  corner  oE  the  bay  in  the  a  ^  of  8.  E.  1  sec.  2,  T.  63-9. 
Here  it  is  represented  by  Nos.  483  and  484;  the  former  is  a  dark 
red  syenite  of  mediom  grain,  and  the  latter  is  of  lighter  color,  con- 
tains less  hornblende  and  is  the  f  aoies  of  the  rook  that  is  most  com- 
mon at  this  locality.  Jast  off  the  point,  which  is  in  the  N.  W.  ^  of 
8.  E.  i  sec.  %  T.  63-9,  is  a  small  island  made  of  a  coarser  facies  of 
the  same  syenite  (No.  486).  This  is  cut  by  veins,  of  all  sizes  up 
to  three  feet  across,  of  a  doll  reddish  rather  ooarse  grained  syenite 
(No.  486)  made  up  almost  entirely  of  feldspar;  the  other  constitu- 
ent is  in  small  amount  and  seems  to  be  epidote.    The  point  crossed 
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by  the  line  between  seos.  36  and  36,  T.  64-9,  is  oomposed  of  dark 
diorite  of  mfldinm  grain  (No.  487);  this  appears  in  the  form  of  a 
dyke,  100  feet  or  more  in  width.  It  runs  aboat  north  and  soath. 
The  syenite  wae  seen  jost  east  of  this  point  and  also  along  the  ahora 
west  of  it;  here  the  syenite  is  qaite  coarse  grained  and  oontaios 
much  biotite  (No.  488).  The  point  on  the  sooth  shore,  in  the  S.  E. 
^  of  N.  W.  \  sec.  35,  T.  64-9,  ahows  syenite  of  a  rather  fine  grain 
(No.  489). 

The  bay-  which  rons  south  along  the  line  between  sees.  34  and 
36,  T.  64r-9,  shows  no  outcrops  along  its  shores.  And  on  going 
west  a  short  distanoe,  near  the  township  line,  no  rock  was  seen 
in  siiu. 

On  the  west  shore,  in  the  N.  E.  J  of  N.  E.  i  sea  34,  T.  64-9,  a 
shore  distanoe  north  of  the  portage  which  mns  to  Flash  lake,  is  a 
large  blnff  of  fine  grained  diabase.  Farther  north  on  the  west 
shore  of  the  narrow  bay  in  the  a  E.  ^  of  8.  £.  J  sec  27,  T.  64-9, 
the  fine  grained  greenish  diabase,  here  represented  by  No.  489A,  is 
oat  by  an  irregalar  dyke  of  reddish  porphyry  (Nd.490).  This 
dyke  is  from  two  to  fire  feet  wide  and  was  traced  for  at  least  thirty 
feet.  Another  small  mass  of  this  same  rock  was  seen  near  by,  bat 
it  was  exposed  only  in  one  place.  This  porphyry  (No.  490)  has  a 
reddish  to  purplish  aphanitic  groond-maes,  in  which  are  porphy- 
ritic  crystals  of  red  feldspar  and  small  areas  of  chlorite.  Under 
the  microscope  the  groand-mass  is  seen  to  be  microgranitic  in 
stractare  and  apparently  oomposed  of  qoartz  and  feldspar.  The 
feldspar  phenocrysts  are  more  or  less  altered  and  the  majority  of 
them  show  polysynthetic  twinning.  Irregalar  areaa  of  chlorite 
oconr  in  the  groand-mass,  bat  nothing  is  left  to  show  what  was  the 
mineral  that  originally  occapied  these  areas.  A  few  small  apatite 
prisms  are  present,  and  scattered  through  .the  whole  rook  are 
minate  green  flakes  of  chlorite.  The  look  is  probably  a  syenite 
porphyry. 

No  rock  except  that  above  described  is  seen  on  the  shores  of  this 
narrow  bay  north  of  the  sonth  line  of  sec.  27,  T.  64-9.  Bat  where 
this  line  crosses  the  east  shore  of  the  bay  there  is  a  low  ridge 
which  shows  angnlar  fragments  of  fine  grained  greenish  diabase 
similar  to  No.  489A.  No  lock  is  seen  in  place  along  the  southwest 
shore  of  the  promontory,  on  whioh  are  the  oomers  of  sees.  26,  27, 
34  and  35,  T.  64-9,  but  many  angular  fragments  of  the  fine  grained 
diabase  occur  at  the  water's  edge.  On  the  sliarp  point,  at  the  south- 
em  end  of  this  promontory,  angular  fragnients  of  the  diabase  and 
of  porphyry,  similar  to  Na  490,  are  seen.  Along  the  shore  jost 
east  of  this  point  are  angular  fragments  of  granite,  and  a  little 
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farther  nortli  this  granite  occurs  in  aitu.  SfiTeral  oateropB  of  the 
same  are  seen  along  the  shore  before  coming  to  the  lioe  between 
sees.  26  and  36,  T.  61-9.  At  this  place  No.  491  was  colJeotecI;  this 
well  represents  the  granite  from  the  east  shore  of  this  promontory. 
It  is  a  granite  of  medinm  grain,  reddish  color  and  compact  testnre; 
the  feldspar  varies  from  reddish  to  white,  and  the  hornblende  is  in 
small  grains  and  does  not  make  np  more  than  one-fiftti  of  the  whole 
rock.  Qnartz  is  present  in  small  amonnt  Under  the  miorosoope 
this  rock  (No.  491)  is  seen  to  he  a  distinct  hornblende  granite. 
Qnartz  is  present  in  larger  quantity  than  is  noticed  in  the  hand 
specimen.  The  feldspar  is  more  or  less  olondy  and  many  of  the 
grains  show  a  miorooline  stractore  and  have  a  wavy  extinction,  as 
have  also  some  of  the  quartz  grains.  The  hornblende  is  quite 
fresh  and  of  the  ordinary  green  variety.  A  few  Boales  of  brown 
biotite  are  present,  and  also  some  green  chlorite,  which  appears  as 
an  alteration  prodaot  from  the  biotite.  Bright  brownish  spbene  is 
seen  in  considerable  amoont.  llmenite,  or  magnetite,  and  apatite 
prisms  are  also  present.  Thie  is  the  first  tme  granite  seen  on  this 
lake,  bat  there  is  no  reason  to  soppose  that  it  is  distinct  from  the 
syenite  foand  elsewhere  on  the  lake;  in  fact,  everything  seeme  to 
indicate  that  it  is  bnt  an  acid  faoies  of  the  syenite.  Abont  150  feet 
Boath  of  the  above  mentioned  section  line  is  a  low  outcrop  of  mioa- 
Bohist,  much  twisted  and  bent.  This  schist  is  represented  by  No. 
492,  which  is  a  fine  grained  compact  mioa-sohist,  and  by  No.  493, 
which  is  coarser  and  more  properly  gneiss.  A  few  feet  north  <A 
this  the  same  schist  is  seen  again;  here  it  is  cut  by  many  granite 
dykes  which  vary  from  six  inches  to  three  feet  in  width.  This 
granite  is  part  of  the  same  as  that  mentioned  above  (No.  491).  The 
dykes  in  general  ran  along  Imtween  the  cleavage  planes  of  the 
sohist,  but  some  wer^  seen  cutting  across  these  planes.  The  schist 
here  is  sometimes  much  changed  near  the  contact  with  the  granite, 
as  is  shown  by  Nos.  491  and  495,  which  are  distinctly  gneisses;  the 
latter  is  decidedly  reddish  in  color.  There  is  no  gradation  from 
the  schist  or  the  gneissio  parts  of  it  into  the  granite;  the  oontact 
between  the  two  rocks  is  sharp  and  distinct,  as  is  seen  in  No.  496. 
This  specimen  shows  the  two  rooks,  granite  and  schist,  in  contact; 
it  was  taken  from  the  edge  of  a  dyke  one  foot  in  width.  The  schist 
at  this  place  is  so  twisted  that  no  general  strike  can  be  made  out 
In  places  the  granite  includes  pieces  of  the  schist.  A  few  yards 
north  of  this  section  line  and  back  abont  100  feet  from  the  shore  is 
quite  a  large  expoenre  of  the  schists.  These  are  bent  some,  bnt 
there  is  a  decidedly  general  trend  to  the  strike;  it  is  N.  36°  E.,  and 
the  dip  is  almost  vertical.    Just  beyond  (north)  this  exposure  of 
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M\ust,  and  in  the  strike  of  part  of  it,  is  another  oatorop  of  the 
gnkaite  eimilar  to  No.  491.  On  one  of  these  outcrops  there  is  a 
Email  amonnt,  one  by  three  feet  in  area  and  one,  foot  thick,  of  pnr- 
p\e  porphyry ;  the  contact  with  the  granite  was  sharp  and  a  distinct 
line,  and  there  was  nothing  to  show  whether  this  rock  was  part  of 
a  dyke  or  an  inclnsion  in  the  granite.  This  porphyry  is  repre- 
sented by  No.  497;  it  has  a  fresh  nnaltered  appearance  and  eeemA 
exactly  similar  to  that  already  described  noder  No.  490,  except  that 
that  the  latter  is  not  very  fresh.  A  short  distance  north  of  the 
aeetion  line  (between  sees.  26  and  36)  and  abont  an  eighth  of  a 
mile  from  the  shore  is  a  small  island  composed  eutirely  of  granite 
(No.  498).  This  island  ia  directly  in  the  strike  of  the  last  men- 
tioned ontoTopof  schist  The  granite  of  the  island  (No.  498)  is  of 
rather  fine  grain  and  holds  a  considerable  amonot  of  qaartz,  bnt  is 
the  same  gianite  as  that  described  above  (No.  491).  On  the  north- 
eaatem  end  of  this  island  the  granite  is  jointed  in  a  very  noticeable 
manner;  the  joints  split  the  rock  into  parallel  beds  that  stand  Ter- 
tieal  and  strike  N.  70°  K 

On  the  eoath  shore  of  the  little  bey,  in  the  8.  R  ^  of  8.  W.  ^  sec. 
36,  T.  6i-9,  the  schist  ie  seen  in  many  places,  and  the  granite  is  seen 
in  contact  with  it  at  a  few  points.  The  schist  here  is  well  repre- 
sented by  the  specimens  collected  near  the  south  line  of  this  sec- 

* Bfeot-  — ' k   lion;    and  where  the 

schist  is  in  contact 
with  the  granite  it 
takes  on  the  same 
characters  as  seen  in 
Nos.  494  and  495.  In 
one  place  a  small 
tongne  of  the  granite 
was  seen  running 
across    the  strike  of 


the  Bchiets,  as  shown 

^^Sia^Bu*.  ^^^»aiti.  in  aie  accompanying 

««.*.  u-niMiot  gmoiw  Bud  im>;u-l.-bi,.i:  8. E.  «  iUufitration  (Fig.  4). 

8.W.  Ki«c.!<I.T.SI-»,weHtHbDreofSiiowlwDklkke.  Along    the   shore   of 

fliiB  bay  the  schist  is  twisted  so  much  that  no  general  direction  of 
strike  is  noticeable. 

Oa  the  sooth  side  of  this  bay,  near  its  western  end  and  down  at 
the  water's  edge,  the  schist  ie  oat  by  a  small  dyke.  This  dyke  is 
fonr  feet  wide,  but  wae  not  exposed  for  over  seven  feet;  the  walls 
•re  parallel,  stand  rertioal  and  strike  N.  50°  R  The  line  between 
tbe  dyke  and  the  schiat  ia  very  sharp.    The  dyke  rock  is  a  purple 
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porphyritdo  rook  similar  to  that  already  desoribed  under  Nob.  490 
and  497;  it  differs  from  these,  however,  in  baving  diatinct  glisten^ 
ing  biotite  scales  scattered  throagh  the  groaad-mass.  The  rook 
may  be  provisionally  called  a  syenite  porphyry.  No.  500  is  this 
rock  from  the  centre  of  the  dyke,  and  No.  501  is  the  same  from  one 
edge  of  the  dyke.  The  schist  at  this  place  has  a  dip  of  60°  to- 
wards the  east,  and  a  strike  almost  dne  north  and  soath.  The 
Bohist  from  near  the  dyke  is  represented  by  No.  499;  this  ia  a 
rather  fine  grained  gray  biotitio  gneiss.  In  section  this  gneiss 
(No.  499)  is  seen  to  be  a  holoorystalline  a^r^i;ate  of  interlocking 
grains  of  qoartss,  feldspar,  biotite  and  hornblende.  Many  of  the 
grains  are  elongated  somewhat  in  one  direction,  this  is  especially 
trne  of  the  biotite,  and  there  seems  to  be  a  tendency  for  grains  ol 
the  same  size  and  of  the  same  minerals  to  be  collected  somewhat 
in  irregnlar  parallel  lines.  This  canses  a  decidedly  schistose  atmc- 
tare  to  pervade  the  rock.  None  of  the  mineral  grains  show  any 
evidence  of  a  clastic  origin.  The  quartz  is  clear  and  limpid  and  ia 
in  larger  grains  than  the  other  minerals;  it  makes  up  abont  half  of 
the  rock.  The  feldspar,  while  olondy  in  small  areas,  is  Dsnally 
olear;  most  of  it  is  orthoolase,  but  some  good  sized  plagiodaseb  are 
present.  The  biotite  is  brown  and  fresh;  it,  more  than  any  of  the 
other  minerals,  is  chiefiy  confined  to  certain  irregnlar  lines.  The 
.  biotite  is  in  small  scales,  most  all  of  which  are  arranged  with  thar 
long  axes  in  the  direction  of  the  schistosity  of  the  rovk.  Horn- 
blende of  the  ordinary  green  variety  is  present  in  a  few  irregnlar 
areas;  it  appears  very  fresh.  All  the  minerala  of  the  rock  present 
a  decidedly  fresh  and  unaltered  appearance. 

The  granite  oooors  at  the  west  end  of  the  little  bay,  in  the  8.  E 
1  of  B.  W.  i  sec.  26,  T.  64.9,  and  also  along  the  shore  for  a  short 
distance  north  of  this  place.  The  point  in  the  N.  K  ^  of  8.  W.  i 
of  the  same  section  consists  of  a  high  ridge  of  green  schists.  These 
shists  are  hard  and  of  a  general  green  color;  they  seem  to  consist 
of  mica,  chlorite  and  silicions  matter  very  closely  intermingled. 
The  rook  has  a  fine  lamination  dne  to  rapid  alterations  in  the  ar- 
rangement of  the  constituents,  thus  prodncing  lamins  of  different 
hardness  and  composition;  this  lamination  is  very  clearly  shown 
on  weathered  surfaces;  it  is  parallel  to  the  schiatose  structure  o£ 
the  rock.  In  places  the  schist  is  oonglomeritic,  containing  pebbles 
of  all  sizes,  up  to  a  foot  in  length,  elongated  in  the  direction  of  the 
strike.  The  strike  is  N.  20°  E.  and  the  dip  is  75°  to  80°  towards 
the  east  At  the  east  edge  of  this  ridge  the  schists  are  in  contact 
with  the  granite.  The  contact  line  is  sharp  and  runs  parallel  with 
the  strike  of  the  sotiists,  but  the  granite  sends  off  many  small  dykes 
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into  the  Bchiets  aoroes  the  Btrike.  No.  fi02  repTesentB  theBe  greea 
Botuets.  Ko.  602  A  ib  part  of  one  of  the  pebbles;  it  ia  8  gray  gneiee  ■ 
No.  503  is  the  granite  from  one  of  the  dykes  foor  inohes  wide- 
this  is  a  fine  grained,  reddish,  hornblende  granite. 

The  green  sohiata  extend  from  the  point  part  way  along  the 
BOQtheaBtem  ehore  of  the  bay,  in  the  N.  W.  i  of  3.  W.  i  seo.  26,  T, 
64-9,  bat  on  this  aide  of  the  bay,  near  ita  end,  is  a  dark,  compact, 
aphanitic  rook  holding  while  feldspar  phenocrysts.  This  is  prob- 
ably a  porphyrite  (No.  5U4).  It  is  massive  at  the  shore,  bat  on 
going  back  a  few  rods  from  the  shore  it  becomes  sohistose,  as  ia 
shown  by  Na  605.  This  porphyrite  was  traced  eastward  nniil  it 
came  within  fifty  feet  of  the  green  aohista,  bnt  soil  oovered  the 
contact.  The  porphyrite  and  the  green  schist  at  tbia  place  each 
had  their  distinct  characters.  The  schistose  atrnotnre  of  the  por- 
phyrite ie  parallel  with  that  of  the  green  schist  In  one  place  the 
pTophyrite  is  oat  by  a  dyke  of  a  fine  grained  syenite  (No,  606). 
Thia  dyke  is  fonr  feet  wide,  stands  vertical  and  mns  east  and  west. 

On  the  vest  side  of  this  bay  the  green  schists  appear  again  and 
seem  to  get  more  massive  on  going  northward,  bat  the  shore  here 
was  not  oarefnlly  examined.  In  the  S.  W.  i  of  N,  E.  i  seo.  26 
masBive  greenstone,  into  which  the  green  schist  seems  to  grade,  is 
cat  by  a  dyke  of  syenite  porphyry,  similar  to  No.  600.  On  the 
Bhore  jast  north  and  east  of  this  the  greenstone  and  syenite  are 
seen  together.  The  greenstone  here  is  qnite  massive  in  appearance 
and  the  contact  with  the  syenite  was  seen  in  only  one  place;  here 
it  was  a  decidedly  sharp  line  and  two  small  pieces  of  the  green- 
stone were  seen  in  the  syenite.  At  this  place  the  syenite  also  cnta 
a  gray  diorite  blotched  with  hornblende  (No.  607);  the  relation  of 
this  diorite  to  the  greenstone  conld  not  be  determined.  The 
syenite  ia  itself  cat  by  a  fine  grained  greenstone  (No.  608),  in  a 
<%ke  which  varies  from  eight  inches  to  two  feet  in  width;  this  was 
traced  for  thirty  feet.  It  may  be  that  this  ia  not  a  tme  dyke,  bat 
a  part  of  the  greenstone  sarroanded  by  syenite  as  it  ia  decidedly 
similar  to  the  greenstone  and  can  not  be  distinguished  from  it  in 
hand  specimen.  The  syenite  is  here  represented  by  No.  609, 
which  is  a  reddieh  look  of  rather  mediam  grain.  The  greenstone 
ia  ahown  by  No.  610, 

Jnat  north  of  this  mioa-schist  is  eeen  cat  in  every  direction  by 
dykefi  of  the  syenite,  which  vary  in  width  from  two  inches  to  thirty 
feet.  The  mica-schist  is  shown  by  No.  511.  Farther  north  there 
is  a  large  mass  of  the  sobiat  exposed;  here  it  variea  from  a  mioa- 
sohist  like  No.  511,  to  a  green  schist  (No.  512),  which  is  very  simi- 
lar to  the  green  schists  described  above.    The  strike  here  is  N.  30° 
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E.,  and  the  dip  is  about  rertioal.  These  Bcbiets  extend  along  the 
shore  up  to  aod  beyoud  the  line  between  eeos.  26  and  26,  T.  64-^. 
Sometimes  they  are  out  by  dykes  of  hornblende  granite  rapresented 
by  No.  513.  Ivear  this  section  line  the  schists  become  very  hard 
and  oompaot;  No.  614  from  this  place  is  a  very  Hiliceons,  fine 
grained  graywacke.  Here  the  strike  is  N.  25°  E.,  and  the  dip  is 
about  veitioal.  On  a  ragged  blnff  Just  north  of  this  seotion  line 
the  BchistB  are  mnch  crumpled  and  twisted  and  they  become  hard 
and  very  eilieious.  No.  615  fairly  represents  the  sohiGte  at  this 
place.  The  sohista  continue  along  the  lake  shore  in  sees.  23  and 
24,  T.  6^9.  In  places  they  are  maeBive  in  appearance,  batusaally 
a  lamination  can  be  seen  on  their  weathered  surfaces;  this,  how- 
ever, is  much  twisted  in  every  direction,  bat  there  is  a  general 
northeasterly  strike  and  a  vertical  dip.  The  Bchists  in  Uieee  two 
sections  are  well  represented  by  Nas.  515,  516  and  517. 

Where  the  line  between  ranges  8  and  9  oroases  the  north  shore 
granite  occnrs.  It  is  represented  by  No.  518,  which  is  very  similar 
to  the  granite  and  syenite  found  elsewhere  on  the  lake.  The 
grEuiite  here  cuts  the  schists  in  dykes  running  in  every  direction. 
Some  of  these  dykes  are  apparently  a  hundred  feet  wide,  while 
others  are  not  more  than  a  foot.  The  contact  between  the  two 
rocks  is  a  very  sharp  line,'  as  is  shown  by  specimen  No.  519,  which 
was  broken  from  the  edge  of  a  dyke  eight  feet  wide.  The  Bchiste 
at  this  place  are  represented  by  No.  520,  taken  within  two  feet  of 
the  granite;  it  is  a  fine,  hard,  silioioos  mica-schist  Here  there  is 
seen  a  small  amount  of  a  rather  fine  grained  dark  syenite  (No.  521); 
this  is  distinct  from  the  granite  and  is  out  by  it.  The  relation  of 
this  rock  to  the  schists  oould  not  be  determined.  Just  east  of  the 
range  line  the  eohiats  are  seen  in  large  amount.  Here  the  strike 
is  N.  70°  E.,  and  tbe  dip  southward  from  70°  to  80°.  The  schists, 
sometimes  out  by  the  granite,  extend  along  the  shore  to  tbe  bay  in 
the  S.  W.  i  of  N.  E.  i  sec.  19,  T.  6t^.  On  the  west  side  of  this 
bay  the  schiste  are  graywacke  schists.  The  strike  is  almost  east 
and  west  and  the  dtp  varies  from  65°  to  80°  towards  the  south. 
These  schists  are  also  seen  at  the  north  end  and  on  the  east  side  of 
this  bay. 

There  io  a  small  island  in  the  N.  E.  i  of  S.  W.  i  sea  19,  T.  64^, 
on  the  eastern  end  of  which  is  a  lai^e  ezpoenre  of  gray  to  reddish 
syenite  of  medium  grain  (No.  522).  Mr,  Wood  went  over  most  of 
this  island  and  found  it  to  be  made  of  the  same  syenite. 

Syenite  from  the  shore  in  the  M.  W.  1  of  S.  W.  i  sec.  29,  T.  64-8 
is  of  medium  grain  and  light  gray  color.  Small  areas  of  the  feld~ 
spar  have  a  peculiar  yellow  stain,  No.  523. 
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Several  oatoro[»  on  the  east  shoTe  of  the  lai^e  island,  vbioh  lies 
in  seas.  30  and  31,  T,  64r^,  and  sees.  25  and  36,  T.  64^-9,  vera  ex- 
amined. They  are  all  oomposed  of  rather  ooarae  syenite  which 
holds  large  qaantitieB  of  biotite.  No.  624  Coarse  syenite  similar 
to  this  ooonrs  on  the  east  shore  on  the  line  between  seo.  36,  T.  64--8, 
and  seo.  1,  T.  63-9. 

At  the  Bonthweet  end  of  the  island  that  is  crossed  by  the  line  be- 
tween sees.  30  and  31,  T.  64^8,  there  is  an  outcrop  of  fine  grained 
biotite  gneiss  (No.  525). 

Round  lake. 
This  lake  lies  mostly  in  sec.  6.  T.  63-8.  The  portage  from 
Snowbank  lake  to  Bonnd  lake  is  in  the  N.  E.  i  of  sec.  1,  T.  63-9. 
At  the  Snowbank  lake  end  of  this  portage  coarse  syenite  similar  to 
No.  524  ocoors.  About  half  way  over  the  portage  a  finer  grained, 
reddish  syenite  (Na  526)  is  seen.  But  at  the  Boand  lake  end  of 
the  iwrtage  is  coarser  syenite  similar  to  No.  624.  On  the  north 
aide  of  the  lake  just  west  of  the  east  line  of  sec  1,  T.  64-9,  is  a  low 
ontorop  of  hardened  mioa-sohist,  oat  by  fine  syenite  veins.  No. 
527  shows  the  mioa-sohist  and  a  small  granite  vein.  The  lamina- 
tion of  the  schist  is  here  twisted  and  Eient,  but  there  seems  to  be  a 
general  strike,  No.  66°  £. ;  however,  this  strike  is  not  very  pro* 
noanced.  Farther  west  on  the  shore  are  many  angolar  fragments 
of  syenite  similar  to  No.  626.  On  the  shore  in  the  N.  E.  i  of  S. 
E.  i  sec.  1,  T.  63-9,  is  as  oatorop  of  the  schist  which  is  here  more 
like  gneiss  (No.  628).  In  contact  with  this  and  separated  from  it 
by  a  sharp  line  is  a  small  piece  of  syenite  which  held  a  small  len- 
ticular piece  of  the  schist,  or  gneiss.  Back  from  the  shore  is  a 
small  hill  macb  covered  by  soil,  bat  still  exposing  several  angnlar 
fragments  of  rock  that  are  nndoabtedly  in  situ  jnst  below.  Here 
a  gneissio  rook  (Na  529)  and  red  syenite  (No.  530)  were  seen,  and 
in  one  place  they  were  in  sharp  contact;  in  other  places  they  seem 
to  grade  into  each  other  through  Na  631  and  532;  but  nothing 
definite  as  to  the  relation  of  the  syenite  and  gneiss  coold  be  seen 
here.  Syenite  again  occurs  on  the  shore  a  little  south  of  this  ard 
is  seen  in  angnlar  blocks  along  the  soathwestem  shore  of  the  lake- 
Ob  the  shore  in  the  N.  E.  i  of  N.  W.  i  sec.  7,  T.  63-8,  is  s  low 
ootorop of  a  rather  fine  grained,  brownish  syenite  (?)  (Na  533). 
On  the  small  stream  that  comes  into  the  lake  in  this  one-sixteenth 
section  and  about  100  yards  from  the  shore  is  an  exposure  of 
coarse  grained  syenite.  No  other  outcrops  are  seen  along  this 
stream  nntil  about  a  qaai'ter  of  a  mile  south  of  the  lake;  here  the 
ordinary  coarse  grain^  gabbro  of  the  region  occurs. 
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A  lov  oatorop  of  mioa-sohiBt  aimilar  to  No.  527  ooenrs  on  the 
north  side  of  the  lake  in  the  N.  W.  i  of  sec.  6,  T.  63-8.  A  little 
farther  east  syenite  similar  to  No.  526  is  seen.  In  the  N.  W.  i  of 
N.  E.  ^  of  the  siune  section  the  sohiste  ^ain  appears.  Here  there 
is  a  decided  strike  of  N.  70°  E. ;  the  dip  is  about  vertical.  The 
sohists  vary  from  mica-achist  to  graywacke-aohiBt  to  qoortz-schist 
They  are  sees  in  several  plaoes  along  the  northeast  shore  of  the 
lake  and  also  on  the  east  shorfr  la  some  places  the  schists  ore 
cat  by  red  syenite  veins  or  dykes  (No.  634).  The  most  sonthem 
exposnre  of  schists  seen  was  on  the  east  shore  of  the  lake  on  the 
flonth  line  of  sec.  6. 

In  the  N.  W.  i  of  N.  E.  ^  sec.  7,  T.  63-8,  jast  south  of  the  lake 
is  a  northerly  facing  gabbro  bluff  and  at  the  base  of  it  syenite  is 
seen.  The  gabbro  is  the  osual  coarse  grained  gabbro  common  to 
this  region.  The  poeition  of  the  two  rocks  wonld  indicate  that  the 
gabbro  was  the  younger  and  overlay  the  syenite,  bnt  no  positive 
proof  of  this  was  to  be  seen,  as  soil  covers  the  janotion  of  the  two 
rooks.  In  the  syenite  a  small  dyke,  ten  inches  wide,  of  a  fine 
grained  gabbro  ( 7)  occurs;  this  was  exposed  for  only  three  feet  in 
length.  The  contact  with  the  syenite  was  a  sharp  line  as  is  shown 
by  No.  535.  The  dyke  rock  is  represented  by  No.  536.  The  gab- 
bro proper  retained  its  coarse  grained  character  as  near  to  the 
syenite  as  it  was  exposed.  No.  537  is  the  gabbro  in  the  exposore 
nearest  the  syenite. 

DisappoiniTnent  lake. 
This  is  also  called  Cheadle's  lake.  It  is  an  irregnlar  take  lying 
in  sees.  3  and  4  of  T.  63-8  and  sees.  27,  28,  32,  33  and  34  of  T.  64-8. 
Mica-schist  occurs  on  the  portage  from  Bnand  lake.  At  the  east 
end  of  the  portage  in  the  N.  W.  ^  of  S.  W.  i  seo.  3  is  a  low  oat- 
crop  of  schists,  almost  argillaoeous  in  places.  The  strike  here  is 
N.  16°  E.,  and  the  dip  is  vertical.  The  western  shore  of  the  lake 
has  many  large  exposures  of  conglomeritio  mica-schist  cat  in  many 
plaoes  by  fine  red  syenite.  This  syenite  occors  in  some  amount  on 
the  portc^e  to  Snowbank  lake  (8.  i  of  S.  W.  i  seo.  32)  and  is  here 
seen  cutting  a  peculiar  gray  rock  This  gray  rock  (No.  639)  seems 
to  be  a  holoorystalline  a^^egate  of  gray  feldspar  grains  among 
which  are  scattered  hornblende  prisms.  Id  one  plaoe  this  gray 
teldspathic  rook  held  many  pieces  of  a  darker  rock,  apparently  a 
diorite;  thisiswell  shown  by  the  specimen  ootleoted(No.539).  These 
pieoes  of  diorite  are  of  irregular  shapes  and  all  sizes  up  to  those  ten 
inches  in  diameter;  none  of  them  are  lenticular  in  shape  and  th^ 
do  not  present  the  roundedontlinesof  pebbles.    This  gray  rook  lies 
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to  the  north  of  the  portage  and  is  between  two  ridges  of  mioa- 
sohiBt,  bnt  was  not  seen  in  oontaat  with  the  sohist.  Ko.  589  is  the 
fine  red  ayenite  which  onta  the  gray  rook. 

North  of  Diaappointment  lake 
Two  small  lakes,  one  lying  in  the  N.  i  of  eea  27  and  the  other 
in  the  8.  E.  1  of  see.  21,  T.  64-8,  were  passed  through.  The  rook 
on  the  shores  of  both  of  these  small  lakes  was  massive  in  appear- 
anoe  and  varied  from  a  very  silioeons  graywacke  to  a  bard,  fine 
grained  green  rook,  resembling  the  ordinary  greenstone  of  the 
region.  Most  of  the  shore  line  of  the  former  of  these  lakes  was 
examined,  bat  no  rook  was  seen  excepting  that  just  spoken  ol 

C.      EEEEQUABIO  LAKE  ABEA. 

South  of  Kekequabtc  lake,  in  sees.  11  and  14,  T.  64~7. 

On  the  portage,  in  the  N.  £.  ^  of  N.  W.  \  sec.  11,  is  a  ridge  of 
soft  dark  greenish  rock,  which  is  composed  largely  of  biotite  (No. 
540).  An  irregular  lake,  lying  in  the  centre  of  sec.  11,  has  been 
called  Birer  lake,  Its  shores  are  made  Of  a  fine  grained  gabbro< 
like  rock  This  varies  from  No.  541,  a  rather  coarse  facies  from 
the  WQst  end  of  the  lake,  to  No.  642,  of  finer  grain  from  the  port- 
age in  the  N.  E.  ^  of  S.  E.  ^  sec.  11.  Most  of  the  rock,  however, 
is  finer  grained  than  No.  541.  In  places  this  rock  has  small  veins 
or  streaks  ronningthrooghit;  these  are  composed  mostly  of  biotite. 
At  times  they  are  qaite  close  together,  as  shown  by  Na  543,  and 
again  very  few  of  them  are  seen.  No  general  direction  for  these 
black  streaks  could  be  seen.  On  the  north  side  of  the  central  west 
ern  arm  of  this  lake  the  gabbro-like  rook  held  many  angular  and 
twisted  fragments  of  a  reddish  syenite  similar  to  that  found  on 
Kekequabic  lake,  and  also  of  a  fine  grained  greenstone  (No.  544). 
These  fragments  are  of  all  sizes  ap  to  those  a  foot  in  diameter; 
they  are  very  irregular  in  oatline,  none  of  them  are  ronnded,  and 
they  are  often  maoh  twisted  and  stretched.  No.  645  shows  some 
of  the  fragments  in  the  enclosing  rock. 

A  few  rods  back  from  the  shore,  on  the  soath  side  of  Biver  lake 
and  near  the  entrance  to  the  soathern  of  the  western  arms  of  the 
lake,  is  a  westerly  facing  blnff  made  np  mostly  of  the  fine  gabbro- 
like  rook.  In  the  face  of  the  blaff  is  a  small  area  of  syenite  (No. 
546).  This  is  rather  fine  grained  and  is  composed  of  pinkish  feld- 
spar, hornblende  and  some  biotite.  The  syenite  was  seen  within 
six  feet  of  the  other  rock,  bat  at  this  place  neither  of  them  showed 
any  change  from  their  normal  condition. 
ISk 
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On  the  east  shore  of  the  lake,  near  the  oeotre,  is  a  very  mioaoeottfl 
fadee  of  the  gabbro-like  rook  (No.  547).  Jtut  eooth  of  this  ia  a 
gray  cocdition,  probably  of  the  eame  rook  (No.  548);  this  weaUi- 
ers  reddish. 

The  shores  of  Shoofly  lake,  which  lies  moetl;  in  the  8.  E.  ^  of 
sec  11  and  the  N.  E.  ^  of  seo.  14,  are  made  of  the  ordinary  gabbro 
of  the  region;  thie  is  rather  finer,  especially  near  the  northern  end 
of  the  lake,  than  the  main  mass  of  the  gabbro.  In  one  place,  on 
the  north  side  of  the  western  arm  of  the  lake,  is  a  rock  similar  to 
that  which  makes  most  of  the  shores  of  Birer  lake.  Sonth  of 
Shoofly  lake,  and  aboat  in  the  centre  of  the  N.  ^  of  sec.  14,  is  a 
large  hill  of  white  or  grayish  weathering  gabtnv. 

Kekequ(^>ic  lake. 
On  the  sonth  side  of  the  little  bay  whiob  extends  into  the  N.  E. 
^  of  N.  W.  i  sec.  11,  T.  64-7,  ia  an  oatcrop  of  what  bos  been  called, 
in  the  former  reports  of  this  aorvey,  ohloritio  syenite  and  chloritic 
gneiss.  This  rock  has  a  considerable  development  on  the  shores 
of  £ekeqnabia  lake.  Uqder  the  mioroeoope  it  is  seen  to  be  a  pyr- 
oxene granite.  It  ia  of  a  rather  medium  or  fine  grain  and  reddish 
color,  and  will  be  frequently  referred  to  below.  Sonth  of  this  oat- 
crop and  about  200  yards  from  the  lake  is  an  east  and  west  running 
ridge  made  of  a  dark  green  biotite  rook,  similar  to  No.  540,  which 
was  taken  from  this  ridge  a  short  distance  to  the  east  The  pyr- 
oxene granite  is  again  seen  in  low  outcrop  on  the  south  side  of  the 
point,  in  the  a  E.  i  of  S.  W.  1  sec.  2,  T.  64-7.  These  two  are  the 
only  exposures  on  the  west  side  of  the  bay  mentioned  above.  On 
the  west  side  of  this  little  point  is  a  large  oatcrop  of  the  pyroxene 
granite;  it  varies  considerably  within  a  few  inches  as  to  the  amonnt 
of  the  pyroxene  constituent.  No.  549  shows  the  Ughtest  colored 
and  coarsest  grained  facies  from  this  place.  The  rock  presents  an 
irregnlar  layered  appearance.  These  layers  vary  from  an  inch  to 
ten  inches  in  thickness,  and  even  the  same  layer  varies  in  thiokuess 
within  a  short  distanoe.  No  difference  in  composition  between  the 
different  layers  could  be  made  out,  nor  is  there  any  arrangement, 
macroscopioally  visible,  of  the  constituent  minerals  in  suoh  a  man- 
ner OS  to  cause  splitting  along  certain  lines.  The  rook  did  not  show 
a  tendency  to  split  up  into  fine  layers  parallel  to  the  larger  ones. 
The  rock  has  not  yet  been  carefully  studied  in  regard  to  the  origin 
and  signifioanoe  of  this  stmctnre.  Fig.  5  represents  the  face  of  a 
small  exposnre  of  this  granite  aad  shows  the  regularity  of  the  lay- 
ers. The  layers  at  this  place  dip  from  10°  to  15°  towards  the 
south. 
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Fig  S.  Sketch  ahoTlng  the  parallel  laferB  Into  nblch  the  pyroxene  granite  Is 
broken  Id  the  9.  E.  H  8.  V.  li  sec.  S,  T.  M-T.  sooth  shore  ol  Kekequablo  lake. 

No  other  oaterops  are  seen  along  the  soath  shore  in  eeo.  2  and 
the  S.  E.  i  of  sec  3,  T.  61-7.  On  going  aoath  from  the  lake  for  a 
quarter  of  a  mile,  on  the  line  between  seos  2  and  3,  no  rook  is  seen 
in  aUu,  althongh  the  ground  rises  very  rapidly  from  the  lake  shore. 
In  the  S.  E.  \  of  S.  W.  \  sec.  3,  on  the  shore,  is  a  dark  colored  fine 
grained  ohloritio  rook  (No.  560),  which  extends  westward  and  seems 
to  become  the  angalar  weathering  ohlorite-biotite  rock  described 
in  the  15th  (1886)  Annual  Report,  page  364. 

The  little  promontory  (not  shown  on  ihe  plat),  in  the  8.  W.  ^  of 
8.  W.  i  see.  3,  T.  64-7,  ia  made  of  the  pyroxene  granite,  which  here 
contains  distinct  porphyritio  reddish  feldspars.  The  rook  is  well 
represented  by  No.  65L  There  is  in  the  granite  a  division  into 
layers  similar  to  that  described  above,  bat  coarser  and  less  notice- 
able, which  here  dips  northward  16°  to  20°.  At  the  base  of  this 
promontory  is  a  low  ontorop  of  a  dark  aphanitic  rock  (Na  552) 
which  resembles  some  of  the  hardened  argillyte  slates  of  Knife 
lake.  Jnst  west  of  the  promontory  the  chlorite-biotite  rock  is  again 
seen,  and  this  extends  along  the  shore  in  sec  4  and  oat  to  the  end 
of  the  point  in  the  8.  W.  J  of  N.  W.  ^  sec.  3,  T.  64-7.  On  this 
point  the  p}rToxene  granite  is  seen  in  contact  with  this  chlorite- 
biotite  rock.  A  piece  of  the  granite  was  seen,  apparently  sor- 
roanded  by  the  other  rock,  but  no  positiTe  evidence  as  to  the  rela- 
tive ^e  of  the  two  conld  be  seen,  althongh  the  granite  seems  to  be 
the  oldei.  The  contaot  between  the  two  rocks  is  a  pretty  well  de- 
fined tine.  No.  553  shows  the  granite  from  this  place;  No.  664  the 
contact;  and  No.  556  the  chlorite-biotite  rock,  which  here  holds  a 
small  amount  of  red  feldspar,  not  seen  in  it  elsewhere.  On  the 
north  side  of  this  point  the  granite  occurs  in  a  large  expoenre.     It 
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is  here  fioer  grained  than  No.  653,  and  ia  represented  by  No.  566. 
It  varies  much,  eapecially  towarda  the  vest  end  of  the  exposure, 
and  becomes  darker  colored  and  mooh  finer  grained,  as  ia  shown  b; 
No.  657.  The  chlorite-biotite  rook  is  again  seen  at  the  extreme 
eastern  edge  of  this  point  and  in  one  place  it  is  in  contact  with  a 
small  piece  of  the  granite.  On  the  north  side  ot  this  point,  near 
its  base,  is  an  nninterrapted  exposnre  extending  along  the  ahore  for 
thirty-five  feet,  and  jnst  east  of  it  are  other  small  exposnres  vithia 
a  few  feet  of  each  other.  Here  there  is  a  gradual  change  from  a 
gray  aphanitic  rock  mnoh  resembling  some  of  the  gray  slate  of  this 
vicinity  to  the  pyroxene  granite,  as  represented  by  Nob.  656  and 
657.  The  gray  rock,  however,  shows  no  evidence  of  lamination  or 
any  definite  slaty  cleavage;  it  may  be  a  very  fine  grained  facies  of 
the  granite  in  which  the  porphyritio  feldspars  are  lacking.  As  yet 
these  apecimena  have  not  been  etndied  miorosoopally.  Noe.  601  to 
616  represent  this  gradation;  No.  601  is  the  gray  rook;  the  speci- 
mens np  to  No.  612  were  taken  within  distances  of  one  to  four  feet 
going  eastward  from  No.  601;  Nos.  613,  614  and  616  occurred  thirty 
to  forty  feet  further  east,  and  these  pass  into  the  faoies  of  the  gran- 
ite represented  by  Noe.  656  and  657.  From  this  point  northward 
the  rest  of  the  west  shore  in  see.  4,  T.  64^7,  and  the  north  shore  in 
sec.  34,  T.  65-7,  were  explored  carefolty  for  any  trace  of  the  pyrox- 
ene granite,  but  none  was  foond. 

The  little  island  just  northeast  of  the  end  of  this  point  (S.  W.  ^ 
N.  W.  ^  sec  3,  T.  64-7, )  has  on  its  western  end  numeroos  angalar 
fragments  of  dark  aphanitio  rook  holding  red  feldspar  crystalfl 
(No.  658).  And  on  the  south  side  of  the  island,  and  in  some  places 
on  ita  west  end,  are  also  fragments  of  a  dark  conchoidally  breaking 
argillyte  (No.  559)  very  similar  to  No.  652  described  above.  These 
two  rocka  (Nos.  568  and  569)  are  undoubtedly  in  place  jost  below  the 
angular  blocks.  On  the  east  end  of  the  island  is  a  small  outcrop 
of  a  gray  rock  which  has  a  fine  grained  granitic  gronnd<mass  hold- 
ing very  small  porphyritic  crystals  of  pyroxene  and  large  ones  of 
feldspar.  This  rock  is  numbered  560.  It  is  the  same  rock  as  is 
found  in  considerable  amount  farther  east  on  the  shores  and  islands 
of  this  laka  This  rook  is  found  to  be  a  very  fine  grained  pyroxene 
granite  porphyry,  and  will  be  spoken  of  in  this  report  as  each,  or 
simply  as  granite  porphyry.  This  rook  was  seen  in  sharp  contact, 
in  a  loose  block,  with  the  black  argillyte.  Bocks  Nos.  558  and  660 
are  probably  different  facies  of  the  same  rock;  apparently  inter- 
mediate stages  were  seen. 

The  island  nearest  the  end  of  this  point  has  a  good  sized  bluff  of 
granite  near  ita  centre;  this  is  well  represented  by  the   specimens 
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described  above,  Kos.  556  and  557;  it  oooapiee  the  nortb  half  oE 
the  island.  On  the  sonth  shore  is  a  dark  rock  with  a  green  ohlor- 
itic  groand-maBB  in  which  are  blotches  of  horBbtende  (No.  S61); 
^his  seema  to  pass  into  a  fine  grained  condition  (Mo.  562)  which  is 
seen  in  sharp  contact  with  the  granite,  bat  the  relative  agae  oE  the 
two  was  not  determined. 

On  the  east  shore  of  the  little  bay  which  lies  at  the  aoathero  side 
ot  the  base  of  this  point  ( 8^ W.  ^  N.  W.  ^  aec.  3,  T.  64-7, )  is  a  slaty 
rock  which,  however,  appears  perfectly  maaaive,  except  in  weath- 
ered fragments  where  the  alaty  stnictare  ia  brought  oat;  no  evi- 
dence of  lamination  was  seen.  At  the  northeast  corner  of  thia  bay 
the  slate  is  a  black  almost  conchoidally  breaking  argillyte.  Here 
on  the  weathered  sarfaoes  appears  a  fine  lamination  which  strikes 
N.  20°  E.  and  dips  75°  toward  the  east  This  rock  is  similar  to 
No.  669,  and  it  is  peoaliarly  spotted  by  email  gray  to  whitiah 
blotches.  Those  spots  are  not  very  nnmeroos,  bat  are  often  qnite 
distinct;  they  are  of  all  aizea  np  to  thoee  five  mm.  in  diameter. 
No.  663  shows  this  spotied  slate.  Going  weat  along  the  north  shore 
ot  this  little  bay  the  black  slaty  rock  is  seen  in  several  low  outcrops ; 
it  is  cat  by  small  veins  which  stand  oat  above  the  sorface  of  the 
rook  on  weathered  sarfaoes.  Near  the  west  end  of  the  bay,  in  the 
S.  E.  1  N.  W.  i  sec.  4,  T.  64-7,  is  a  soft  green  schist  (No.  664), 
which  strikes  northeast  and  dips  70°  toward  the  northwest.  This 
rock  shows  no  lamination,  bat  has  s  very  pronounced  schistose 
stmoture.  Jnst  west  ot  thia,  near  the  northweat  corner  of  the  bay, 
is  I  he  green  cblorite-biotite  rock. 

The  large  island  in  the  E.  ^  of  sec.  3,  T.  64-7,  and  the  three 
smaller  islands  that  lie  joat  west  and  northweat  of  it  are  oomposed 
of  the  pyroxene  granite.  The  rock  varies  somewhat  in  grain  and 
in  the  amount  of  tbe  pyroxene  conatitueut  present.  Na  665,  from 
the  east  end  of  the  smallest  of  the  three  smaller  islands,  shows 
aboat  the  normal  condition  of  thia  granite.  No.  666  ia  a  coarser 
grained  tacins  from  the  eoathern  end  of  the  largest  and  most  north- 
erly of  the  three  smaller  islands.  On  the  north  shore  of  the 
large  island,  near  ita  western  end  the  granite  varies  from  a  fine 
grained  condition,  like  No.  665,  to  a  dark,  fine  grained  fades  (No. 
667).  At  this  place  was  also  seen  a  small  baod  or  inoluaioD  of  a 
gray  and  black  slaty  rook  (No.  668)  in  the  granite. 

On  the  east  shore  of  the  bay  in  Uie  N.  E.  ^  of  N.  W.  ^  sec.  11,'  T. 
64-7,  is  a  fine  grained  green  chloritio  rock  (Ko.  669).  This  is 
roughly  eohistose  in  places  and  at  the  water's  edge  is  seen  to  be 
oonglomeritic.  The  pebbles  are  rouaded  and  do  not  appear  dis 
tinot  on  fresh  surfaces,  but  where  the  rook  ia  waterworn  they  are 
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quite  protameot  From  thu  exposare  a  ridge  runs  eastward  and  a 
short  distance  from  the  shore  the  rook  is  distinctly  laminated,  as 
shown  by  Na  570.  This  exposore  may  have  been  a  little  displaced, 
bnt  to  all  appearanoes  it  has  not  been.  The  dip  is  about  vertioal, 
and  the  strike  is  N.  80°  W.  Jnst  north  of  this  and  also  in  the  S. 
W.  i  of  8.  K  i  sec.  2,  T.  64r-7,  are  hills  of  fine  grained  [^rozese 
granite  (No.  571).  In  the  granite  are  a  few  dark  inclusions  of  ir- 
regnlar  outline;  No.  572  is  from  one,  of  these.  The  same  fine 
grained  pyroxene  granite  is  seen  in  several  places  along  the  shore 
of  the  bay  which  lies  in  the  E.  |  of  8.  W.  1  sec  2,  T.  64-7,  and  the 
high  hills  joat  east  of  this  bay  are  apparently  composed  of  the 
same  rock.  These  hills  were  visited  in  the  E.  i  of  S.  W.  J  of  8.  E. 
1  and  N.  E.  ^  of  N.  W.  i  of  S.  E.  1  see.  2,  uid  were  foand  to  be  made 
of  the  same  granite,  well  represented  by  No.  571.  8yenite  ta  also 
seen  on  the  west  side  of  the  northward  extension  of  this  bay  and  on 
thepointintheN.E.  iof  S  W.isea  2.  No  other  oatorops  are  seen 
Dorthward  along  the  shore  in  sec.  2,  bat  on  the  point  in  the  8.  W. 
i  of  8.  E.  i  sec  35,  T.  65-7  is  a  low  exposure  of  a  very  fine  grained 
faoies  of  the  granite  (No.  576/ 

There  is  an  island  in  the  N.  W.  \  of  K.  W.  i  sec.  2,  T.  64^-7,  which 
ifl  made  up  mostly  of  the  pyroxene  granite  (Na  573);  this  variea 
somewhat  in  grain,  but  none  was  seen  as  fine  as  No.  571;  it  is  no- 
ticeably porphyritic  with  reddish  feldspars.  On  the  west  side  of 
the  island  near  the  north  end  is  a  rock  with  a  green  apbanitic 
ground-mass  in  which  are  numeroos  glistening  biotite  scales, — No. 
574  This  rock  is  seen  in  contact  with  the  granite;  the  oontaot 
line  ia  sharp  and  distinct  The  green  rock  is  oat  by  many  vein- 
like  forms  of  a  purple  rook  which  ie  seen  to  be  part  of  the  granite, 
but  they  wwe  not,  actually,  traced  into  the  granite.  No.  676  shows 
this  rook  in  contact  with  the  green  rook.  Oa  a  microeoopio  ezam- 
inatioD  No.  576  is  seen  to  be  part  of  the  granite.  The  two  rooks 
were  not  apparently  changed  near  the  contact.  Many  angular  and 
rounded  fragments  of  the  green  rock  are  seen  in  the  granite  and  a 
few  fragments,  or  what  appear  to  be  such,  of  the  latter,  are  seen  in 
the  green  rook.  The  evidence  of  this  expoeare  points  to  the  more 
recent  age  of  the  granite. 

About  the  foot  of  the  shallow  bay  in  the  8.  E.  i  of  8.  E.  ^  secSS, 
T.  65-7,  is  an  outcrop  of  a  very  light  colored  faoiea  of  the  pyroxene 
granite  porphyry  (Na  577).  Down  at  the  water's  edge  this  rook 
held  a  piece  of  a  dark  chloritic  rook,  similar  to  No.  674;  this  is 
probably  an  inolosion  in  the  porphyry,  but  not  enough  was  ex- 
posed to  show  this  positively.  A  short  distance  east  of  this  place 
a  purplish  condition  of  the  granite  poiphyry  is  seen  (No. 578).    In 
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fragmenta  from  the  eide  of  this  ezposard  there  is  a  dietinot  arrauge- 
ment  of  the  porpbjrritis  feldspar  crystals  in  approximately  parallel 
position.  This  oonld  not  be  seen  very  well  in  the  rook  in  situ,  bat 
at  one  favorable  plaoe  this  arrangement  was  in  planes,  or  appar- 
ently so,  ranning  aboat  east  and  west  and  dipping  N.  about  45°. 
That  this  direction  ia  constant  in  this  place  is  not  clearly  ehown. 
The  rock  contains  few  pyroxene  prisns,  but  a  few  were  seen  one- 
eighth  to  one-qoarter  of  an  inch  in  length.  A  short  distance  fur- 
ther east,  in  the  B.  W.  ^  of  8.  W.  ^  see.  36,  T.  66-7,  is  an  ontorop 
of  fine  grained  pyroxene  granite,  similar  to  No.  571. 

On  the  main  shore,  just  soath  of  the  west  end  of  Stacy  island 
{the  island  jnst  off  the  shore  and  near  the  center  of  the  N.  i^  of  8- 
W.  i  see.  36),  a  few  feet  from  the  water,  is  a  low  knoll  of  the 
granite  porph3n*y  well  represented  by  Na  578,  although  here  the 
porphyritic  crystals  are  not  quite  as  abuDdant  as  in  that  number. 
A  tew  rods  back  from  this  knoll  a  high,  precipitous  hill  rises,  prob- 
ably 200  feet  above  the  lake;  this  bill  extends  along  the  lake  shore 
in  the  8.  i  of  sec  36,  T.  65-7.  Mr.  Wood  went  to  the  top  of  the 
hill,  but  found  it  to  be  all  made  of  the  same  rook  as  is  seen  at  its 
base, — a  fine  grained  faoies  of  the  pyroxene  granite  (No.  579). 
Thie  granite  and  the  granite  porphyry  were  traced  within  160  feet 
of  each  other,  bat  no  nearer.  Nothing  was  seen  to  indicate  a  grada- 
tion between  the  two  rocks. 

The  granite  porphyry  oooure  ou  the  south  shore  of  the  lake  in 
several  places  in  the  8.  J  of  N.  E.  i  sec.  36.  T.  66-7  and  8.  W.  i 
N.  W.  i  sec.  31,  T.  65-6.  Oareful  search  was  made  for  any  general 
direction  for  the  long  axes  of  the  feldspar  crystals  in  this  porphyry, 
but  none  could  be  found.  Zu  the  S.  W.  i  of  N.  E.  i  sec.  36,  T.  65-7, 
just  back  from  the  shore,  is  a  cliff  about  eighty  feet  high.  The 
lower  half  of  this  is  composed  of  the  granite  porphyry,  and  the 
upper  half  of  a  green  conglomerate  similar  to  that  described  half 
a  mile  southwest  from  this  place  on  Htaoy  island.*  The  exact 
line  of  contact  between  the  two  rooks  was  seen  in  only  one  place, 
but  the  two  were  traced  within  two  to  five  feet  of  eacih  other  for 
Bome  distance  along  the  face  of  the  cliff.  The  contact  line  remains 
nearly  horizontal  for  some  distance  and  then  suddenly  runs  up- 
ward. There  seemed  to  be  no  blending  of  the  two  rooks  at  their 
junction,  bat  the  porphyry  was  roughly  schistose  and  softer  than 
usual,  while  the  conglomerate  seemed  harder  and  more  crystalline. 
No.  680  represents  tiie  porphyry  and  No.  681  the  conglomerate  at 
the  contact;  these  two  specimens  were  taken  within  two  inches  of 
each  other.    No.  582  shows  the  porphjrry  about  four  feet  from  the 
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ooaftlomerate.  The  dip  of  the  oonglomerate  seemed  to  be  toward 
the  aoatih,  bnt  oothiag  definite  oonld  be  determioed  aboat  tbia. 
The  Boathweat  side  of  Staoy  island  has  quite  an  extenaiTe  ezpos- 
ttre  of  the  granite  porphyry,  bnt  the  jnnction  of  this  and  the  oon- 
glomerate and  the  diabase  on  the  island  was  not  fonnd.  The  por- 
phyry here  is  rather  coarser  grained  than  nsnal  and  carries  oon- 
aiderable  biotite, — No.  583.  The  island  jnst  west  of  this  shows 
many  ontcropa  of  the  porphyry  along  its  shores,  in  fact,  tiiis  was 
the  only  rook  seen  on  the  island. 

On  the  northwest  und  of  the  little  point  in  the  8.  W.  i  of  N.  W. 
i  sec.  31,  T.  65-6  (sonth  side  of  the  lake)  there  is  a  dark,  medium 
grained  diabase.  And  on  the  northeast  corner  of  this  point  is  a 
low  ontciop  of  a  fine  grained,  gray,  apparently  hotoorystalline  rook; 
the  groand-maes  is  grayish  and  in  it  are  small,  black  oeedlee, 
probably  of  hornblende,  and  a  few  scattered,  rather  irregularly 
oatlined,  feldspar  individnaU.  There  are  also  a  few  ronnded  peb- 
bles, np  to  those  two  inohee  in  diameter,  scattered  through  the 
rock.  The  specimens  collected  (No.  593)  show  some  of  the  pebble 
forms.  Some  of  these  pebbles  ore  seen  to  be  sab-angalar,  bat 
most  of  tbem  are  ronnded.  They  seem  to  be  scattered  irregularly 
throngh  the  rock  and  lie  in  no  definite  planes  or  layers;  there  is 
nothing  in  the  rook  to  show  any  sedimentary  lamination  or  bedding; 
it  appears  perfectly  maaaive.  This  rock  is  seen  in  several  ontorops 
in  the  N.  E.  i  of  S.  W.  i  sec.  31,  T.  66-6,  and  the  shore  is  here 
osnally  lined  frith  fragments  of  it  lu  the  eastern  part  of  this 
one-sixteenth  section  is  quite  an  extensive  ezpoaare  a  abort  dis- 
tance back  from  the  shore.  Here  the  pebbles,  which  have  been 
steadily  increasing  in  abaodsnoe  eastwnrd  from  the  first  mentioned 
oatorop,  are  TOry  namerooa.  It  would  be  almoat  impoesibe  to 
find  any  sorface  a  foot  eqaere  in  the  rock  at  this  place  which 
would  not  contain  one  or  more  pebbles,  and  many  areas  of  this  size 
would  indnde  as  many  as  twenty.  The  rock  is  here  represented  by 
No.  694  and  pebbles  from  it  by  594A.  This  rock  extends  along 
the  shore  in  a  few  outcrops  nearly  to  the  eaet  line  of  sec.  31.  Tbe 
pebbles  grow  less  abondsnt  on  going  east  from  Na  694.  No.  S95 
shows  a  more  highly  crystalline  condition  of  this  rock  from  the 
S.  E.  i  N.  E.  i  see.  31.  Tbe  noticeable  featnrea  of  this  rock  are 
its  sharply  oatlined,  roaaded  and  sab-angalar  pebbles  and  the  few 
scattering,  white,  apparently  porphyritic,  feldspar  crystals,  some- 
times a  qaarter  of  an  inch  in  length-  No  bedding,  lamination  or 
definite  arrangement  of  the  pebbles  could  l>e  seen  in  the  rock.  It 
seems  that  this  rook  is  a  metorophosed  conglomerate,  and  it 
strongly  reminds  one  of  certain  facies  of  the  Ogiehke  oonglomer- 
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ate.  In  one  place  in  the  last  meotioned  one-sixteenth  section  there 
iBaroogh,  parallel  jointaKe  in  the  rock;  these  joints  dip  south- 
ward about  26°. 

In  the  eastern  side  of  the  above  i*;  section  is  a  low  bluff  of  fine 
grained  diabase  and  granite  porphyry.  The  two  rooks  are  seen  in 
contact;  the  line  between  them  is  sharp  and  about  vertioal,  but 
quite  irregular,  angles  of  each  projecting  into  the  other.  There 
was  nothing  seen  to  determine  the  relative  ages  of  the  two  rocks. 
So.  696  shows  the  granite  porphyry  about  three  feet  from  the  con- 
tact; Ko.  697  is  the  same  at  the  contact  No.  598  is  the  diabase  at 
the  contact,  and  No.  599  is  the  same  six  feet  from  the  oontaot.  Not 
600  shows  a  coarser  grained  condition  of  the  same  also  six  feet  from 
the  contact.  These  last  three  grade  into  each  other.  It  may  pos- 
sibly be  that  the  speoimens  Nos.  598  and  599  are  altered  black  slate, 
bat  this  cannot  be  told  maorosoopioally,  and  to  all  appearances  they 
are  continuous  with  and  not  to  be  separated  from  No.  600,  which  is 
a  distinct  diabase.  The  south  shore  of  the  lake,  from  this  place  to 
its  extreme  eastern  end,  was  examined  carefully  for  other  outcrops  ' 
of  the  granite  porphyry,  bat  none  were  found. 

On  the  north  shore  of  the  lake,  in  the  W.  ^  of  N.  E.  ^  of  N.  W. 
1  sec.  31,  T.  65-6,  there  is  an  exposure  of  the  granite  porphyry 
which  has  above  it,  end  on  both  sides  of  it  at  the  water's  edge,  a 
green  rock  seemingly  the  same  as  the  green  Bohiats  found  a  short 
distance  to  the  west  Here  the  green  rock  appears  perfectly  mass- 
ive, exoept  in  a  few  places,  where  there  is  a  very  indistinct  lamina- 
tion, which  is  not  sufficiently  developed  to  enable  one  to  determine 
the  strike  and  dip.  No.  616  is  the  porphyry  thirty  feet  from  the 
green  rock;  the  porphyry  holds  a  few  small  rounded  areas  of  green- 
ish material  with  rather  indistinct  outlines;  one  of  these  is  shown  in 
the  specimen  of  the  porphyry  oollected  here  (No.  616).  The  two 
rocks  were  traced  within  two  feet  of  each  other,  but  the  exact  con- 
tact was  not  seen.  Nearest  to  the  green  rock  the  porphyry  seemed 
to  be  finer  grained  (Na  617).  Na  618  shows  the  green  rock  with- 
in thirty  inches  of  No.  617,  and  the  ill-defined  reddish  blotches 
which  are  seen  in  the  green  rock  near  the  porphyry.  No.  619  is 
the  green  rock  about  fifty  feet  from  the  porphyry.  On  the  east 
side  of  this  exposure  the  two  rocks  are  seen  close  together.  Here 
the  porphyry  held  pieces  of  greenish  material  (Na  620)  up  to  ten 
inches  across;  there  was  no  very  sharp  line  between  these  and  the 
porphyry,  but  owing  to  the  moss  and  lichen  covered  condition  of 
.  the  rook  these  green  areas  could  not  be  well  outlined.  Search  was 
here  made  for  some  general  direction  for  the  long  axes  of  the  feld- 
spar crystals  of  the  porphyry,  but  none  oould  be  found. 


,  Coo»^lc 


76  TWENTIETH  ANNUAL  BEPOBT 

With  the  ezoeptioa  of  &  small  area  of  fissile  greeo  schist  on  its 
weBtem  side,  the  point  oq  which  ore  the  comers  of  sees.  29,  30,  31 
and  32,  T.  65-6,  ie  made  entirely  of  the  granite  porphyry.  It  here 
reaches  its  moBttypioal  development.  This  is  the  first  exposure 
of  the  porphjrry  on  the  north  side  of  the  lake  east  of  that  described 
jnst  abova  Green  elate  is  seen  joat  north  of  this  point,  bnt  hh- 
tween  this  and  the  porphyry  there  are  no  exposoree;  however,  at 
the  nearest  point  to  these  green  slates  the  porphyry  is  finer  grained 
than  nsnal,  as  is  shown  by  No.  621.  A  nnmber  of  the  largest  pyr- 
oxene crystals  were  collected  from  the  rook  on  this  point,  and  also 
^me  of  the  feldspars,  which  showed  dark  centres.  Very  few  in- 
clusions were  foond  here;  probably  not  more  than  thirty  were  seen; 
these  varied  from  half  an  inch  to  ten  inches  in  diameter.  They 
are  mostly  greenish  in  color  and  are  not  very  sharply  outlined,  as 
is  shown  by  No.  621A.  No.  621B  is  from  an  irr^^larly  bnt  sharply 
outlined  piece  ten  inches  across.  No.  6210  is  from  an  oblong 
piece,  ten  by  five  inches  in  area;  around  this  piece  there  is  distinct 
evidence  of  fiowage,  as  is  shown  by  the  arrangement  of  the  porphy- 
ritic  feldspars. 

Just  south  of  the  corner  of  the  bay  in  the  S.  E.  j;  of  S.  W.  ^  sec. 
36,  T.  66-7,  is  a  large  ridge  of  pyroxene  granite,  spoken  of  before. 
(See  No.  579  and  accompanying  description.)  The.eastern  end  of 
this  ridge  is  made  of  a  fine  grained,  flesh-colored  rock  (No.  622),  a 
condition  of  the  slates  of  the  region,  bat  no  stmotoral  planes  can 
be  seen  in  it.  This  is  in  contact  with  the  granite ;  the  line  between 
the  two  could  not  be  clearly  seen,  bat  it  seemed  to  run  aboat  vert- 
ioal.  No.  623  is  the  granite  about  thirty  feet  from  the  contact 
No.  624  is  the  same  at  the  contact,  and  No.  626  shows  the  elate  at 
the  contact.  The  last  two  specimens  were  taken  within  an  inch  of 
each  other.  This  slate  continaes  eastward  and  northeastward  for 
about  two  hundred  yards;  it  varies  somewhat,  as  shown  by  Nos. 
626  and  627.  The  relation  between  this  rock  and  the  dark,  hard 
elatee  on  the  shore  just  north  of  this  oould  not  be  determined. 

In  the  N.  E.  ^  of  N.  £.  ^  sec.  36,  T.  65-7,  where  the  granite  por- 
phyry overlies  the  greenstone,*  two  specimens  of  the  former  were 
collected.  No.  628  is  fine  grained  and  was  taken  just  at  the  con- 
tact of  the  two  rooks;  Na  629  ie  coarser  grained,  taken  fifty  feet 
from  the  contact  Carefnl  search  was  made  for  some  general  direc- 
tion of  the  long  axes  of  the  porphyritio  feldspars,  but  their  direc  - 
tiouB  varied  mnch;  however,  there  were  more  places  in  which  they 
ran  abont  east  and  west  than  where  they  ran  in  other  directions. 
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South  from  Kekeguabtc  lake  in  sec.  31,  T.  65-6,  and  sees.  6  and  7, 
T.  64r-6. 

A  trip  TftB  made  south  from  the  lake  through  the  S.  E.  \  of  sec. 
31,  and  through  the  K  i  of  seo.  6  to  the  little  pond  on  the  sonth 
line  of  this  section  east  of  the  quarter  post  From  thia  pood  I 
veot  through  sec.  7  to  the  lake  which  lies  iii  the  S.  \  of  this  section 
and  the  X.  \  of  sec.  18.  The  description  will  begin  at  Eekeqnabic 
lake  and  go  southward  over  the  high  hill  in  the  N.  E.  \  of  sea  6  to 
the  lake  jnst  mentioned. 

At  the  shore,  in  the  S.  W. }  N.  E.  ^  sea  31,  the  conglomerate, 
already  described  under  Nob.  593,  694  and  595,  is  edec;  this  oon- 
tinnes  southward  for  at  least  an  eighth  of  a  mile.  The  pebblep 
become  less  uumeronB,  but  no  less  sharply  outlined,  on  going  away 
from  the  lake,  and  the  rock  becomes  more  coarsely  crystalline  and 
holds  more  of  the  apparently  porphyritic  white  feldBpars,^No.  630. 
No  evidence  of  bedding  was  seen  in  this  conglomerate.  Beyond 
this  end  within  fifty  yards  of  the  last  exposure  of  oonglomerate 
there  are  outcrops  of  slate.  This  slate  varies  from  a  duk  almost 
black  argillyte  to  one  that  is  qnite  light  gray.  The  lamination  of 
the  slate  was  tvnsted  in  some  places,  but  as  a  role  this  coincided 
with  the  slaty  cleavage.  The  dip  and  strike  were  taken  in  many 
places  before  reaching  the  top  of  the  large  hill,  whose  summit  lies 
in  the  N.  E.  i  of  sec  6;  the  dip  was  vertical  and  the  strike  varied 
from  N.  35°  E.  to  N.  55°  E.  The  slate  was  intimately  interbedded 
with  a  dark  gray  to  greenish  grit,  but  the  lines  between  the  two 
Tooka  were  quite  distinct.  The  bands  of  each  varied  from  those  a 
fourth  of  an  inch  across  to  those  that  were  fifty  feet  or  more  in 
width.  The  grit  held  angular  fragments  of  the  elate  and  bands  of 
the  sltate  that  were  abruptly  cut  off;  there  were  also  places  where 
bands  of  the  slate  were  faulted  and  the  grit  existed  between  the 
faulted  and  broken  ends  of  the  slate  bands.  This  grit  makes  up 
about  half  of  the  exposures  to  the  hill  top,  but  no  exposure  was 
oompoeed  entirely  of  this  or  of  the  slate  alone.  No.  631  is  the 
black  slate;  No.  632  the  grit,  and  No.  633  shows,  as  well  as  a  hand 
specimen  can,  the  intimate  iuterbanding  of  the  two.  At  the  top  of 
the  high  hill  the  grit  is  ooarser  grained  than  usual,  as  is  shown  by 
No.  634.  The  strike  continues  to  be  northeasterly  until  coming 
into  the  8.  E.  \  sec.  6,  where  it  changes  to  N.  ^°  E.,  and  a  short 
distance  farther  south  to  direct  north  and  south;  the  dip  still  re- 
mains vertical.  This  north  and  sonth  strike  continnes  to  the  pond 
which  lies  on  the  sonth  line  of  section  6  east  of  the  quarter  post 
Na  635  shows  another  condition  of  the  grit  resembling  graywaoke 
from  just  north  of  this  iwnd.    In  this  there  is  seen  indistinct  lam- 
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iuatioD,  but  the  other  Bpdoimene  of  the  rook  do  not  show  it;  the 
fook  (grit)  elsewhere  appears  perfectly  maasive  except  for  ite  in- 
terl»uiding  with  the  alatea.  Soath  of  this  pond  the  strike  agaia 
swinge  ronnd  to  northeast  and  the  dip  remains  vertioaL 

Aboat  a  quarter  of  a  mile  soath  of  this  pond  is  an  oatcrop  of  a 
porphyritic  rock  which  is  probabl;  the  same  as  the  granite  por- 
phyry of  Kekeqoabic  lake.  About  seTsnty-fire  feet  of  this  rock 
was  exposed,  the  slates  ooourriog  both  north  and  south  of  it  within 
less  than  a  hundred  feet  The  porphjrry  is  numbered  636.  The 
weathered  surfaces  of  it  show  a  roogh  sobistose  structure  which  runs 
N.  36°  E.  and  stands  vertical;  however,  this  structure  is  not  seen 
on  freshly  broken  surfaces.  The  feldspar  crystals  are  often  ar- 
itinged  with  their  long  axes  parallel  to  the  direction  of  the  echistos- 
ity.  The  northeast  strike  of  the  slate  and  grit  oontinaes  as  far  as 
they  were  seen,— i.  e.  almost  to  the  lake  which  lies  in  the  8.  \  of 
sec.  7  and  the  N.  \  of  sec  18.  We  struck  this  lake  aboat  the  cen- 
tre of  its  north  shore  in  the  8.  E.  ^  8.  W.  ^  sec.  7.  A  short  dis- 
tance before  reaching  this  lake  the  slate  disappears  and  the  grit, 
similar  to  Nos.  632  and  635,  both  of  which  facies  here  often  show 
fine  lamination  on  weathered  surfaces,  becomes  in  ptaoes  conglom- 
eritic  and  harder  (No.  637).  The  pebbles  are  mostly  rounded, 
some  few  are  subangular,  and  they  are  chiefly  of  slate  and  a  red- 
dish granite  porphyry,  a  pebble  of  which  is  shown  in  the  specimen 
collected.  This  conglomerate  shows  no  signs  of  lamination  or 
schistosity.  A  short  distance  further  soath  and  almost  at  the  lake 
shore  is  a  more  crystalline  conglomerate  holding  pebbles  of  the 
same  or  similar  reddish  granite  porphyry,  and  also  of  a  fine  grained 
red  granite  or  syenite  which  resembles  the  pyroxene  granite  already 
mentioned  so  often.  This  conglomerate  is  shown  by  No.  638.  In 
this  rock,  and  also  in  No.  637,  the  pebbles  varied  from  quite  small 
ones  up  to  those  eight  inches  in  diameter,  but  most  of  them  were 
one  to  three  inches  across.  In  some  places  the  pebbles  were  quite 
numerous  and  in  others  there  were  but  a  few  to  be  seen.  No  def- 
inite arrangement  of  the  pebbles  in  planes  nor  any  elongation  ot 
them  in  one  direction  was  seen. 

The  eastern  half  of  the  north  shore  of  this  lake  (lying  in  the  S. 
i^  of  sec.  7  and  N.  |  sec.  18)  has  some  outcrops  of  the  conglomerate 
represented  by  Na  638.  On  the  east  shore  of  this  lake  there  are 
no  outcrops  until  coming  nearly  to  the  south  line  of  sec.  7.  A  short 
'  distance  north  of  this  tine  the  ordinary  gabbro  of  the  region  is  seen. 
It  is  somewhat  finer  grained  here  than  is  nsaal,  as  is  shown  by  No. 
639.  On  going  sooth  along  the  shore  a  little  farther  the  gabbro 
beoomes  ooarser,  similar  to  the  asual  coarse  grained  gabbro  of  the 
Mesabi  range. 
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The  object  of  this  trip  sonth  from  Kekeqaabio  lake  waa  to  find 
how  far  soath  the  conglomerate,  described  under  Noa.  593, 694  and 
596,  extended,  and  to  look  for  an  eaetem  extenaion  of  the  pyroxene 
granite  whioh  is  seen  io  the  E.  J  of  aec.  2,  T.  64-7.  However,  no 
granite  nor  any  trace  of  it  waa  Been.  Namerons  expoBares  of  rock 
were  seen,  and  there  was  probably  no  distance  of  a  handred  yards 
where  ontcrops  were  wanting,  ontil  joat  before  coming  to  the  small 
lake  mentioned  above.  And  here  there  were  not  enough  expoenres 
to  satisfactorily  trace  the  conglomerate  represented  by  Na  637  into 
that  represented  by  Xo.  638.  Still  everything,  except  the  more 
crystalline  condition  of  "So.  638,  seemB  to  point  to  their  identity. 
The  high  hill  paaaed  over  jnst  south  of  Kekeqaabic  lake  seems  to 
be  at  least  350  feet  above  the  lake.  This  was  thought  to  be  the  case 
on  comparing  it  with  Mailman's  peak,  whioh  ^e  260  feet  above  the 
lake.* 

Small  lake  in  the  8.  E.  \  of  aec.  36,  T.  65-7. 

On  the  hill  joat  north  of  the  east  end  of  this  lake  is  a  fine  grained 
diabaaio  rock  (No.  584).  In  places  this  is  massive  and  again  slaty. 
The  strike  of  the  slaty  structure  is  N.  80°  W.,  and  the  dip  is  to- 
wards the  north  66°  to  70°.  Toward  the  base  of  this  hill  is  a  gray 
porphyritio  rock  with  indistinct  white  feldspars  in  it  (No.  585). 
This  was  seen  in  oontaot  with  the  diabase  rook  and  is  found  both 
above  and  below  it,  but  the  exact  contact  waa  seen  in  but  one  place 
where  the  two  rocks  were  separated  by  a  sharp  line.  Farther  up  on 
the  hill  the  porphyry  is  represented  by  Na  586,  whioh  mnoh  re- 
sembles the  pyroxene  granite  found  a  mile  to  the  west  There 
were  some  apparently  intermediate  stages  between  Noa.  586  and 
585,  but  no  oontinnouB  esposnrea  connected  them.  No.  587  repre- 
sentB  another  faoies  seen  in  contact  with  the  slaty  diabase  (No. 
&84)i  this  was  apparently  a  stringer  of  the  porphyry  in  the  dia- 
base. The  same  porphjrry  ia  again  seen  in  a  hill  north  of  the  cen- 
tre of  the  lake  and  is  in  ebarp  contact  with  the  elaty  diabase.  The 
latter  is  confined  mostly  to  the  upper  part  of  the  hill  while  the  por- 
phyry occurs  near  the  water.  No.  688  represents  this  porphyry 
from  the  north  aide  of  the  lake. 

At  the  northwest  corner  of  the  lake  black  argilljrtes  are  Been. 
They  show  no  distinct  bedding.  On  the  west  side  of  the  lake  near 
the  north  end  is  an  exposure  of  the  fine  grained  pyroxene  granite 
(No.  689).  And  a  short  distance  farther  south  is  a  bill  whose  base  ia 
made  of  the  aame  granite,  but  of  somewhat  coarser  grain  (No.  590). 

nggabbrocmlM south  shore  Is  Id  the  H.  Mot  N. 
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TheT6  IB  oDly  one  ontorop  on  the  Booth  aide  of  the  l&ke;  this  is  a 
fine  grained  granite  porphyry  (No.  591)  similar  to  that  described 
from  Kekeqaabio  lake  as  pyroxene  granite  porphyry.  I  looked 
carefully  for  a  definite  arrangement  of  the  feldspar  crystals  here, 
bat  none  coald  be  seen.  Those,  however,  as  seen  in  many  places 
on  Kekeqaabio  lake,  seemed  to  show  evidence  of  a  flowage  in  the 
rock  before  solidifying.  On  the  east  shore  of  the  lake  is  a  por- 
phyry similar  to  Ko.  588.  Here  are  a  few  irregularly  shaped  in- 
olnsions  in  the  porphyry;  No.  692  is  from  one  of  thesa  No  rook 
intermediate  between  Nos.  588  and  591  was  seen. 

East  of  Kekequabic  lake  in  sees.  28  and  29,  T.  65-6. 

A  portage  runs  eastward  from  the  most  easterly  point  of  Keke- 
qaabio lake  to  a  small  lake  in  the  W.  ^  of  S.  W.  ^  sea  28.  On  this 
portage  the  hard  black  and  gray  argillytes,  found  jnst  to  the  west, 
are  also  seen.  The  strike  and  dip  were  taken  in  one  place;  the 
former  was  N.  20°  E.  and  the  latter  about  vertioaL  On  the  east 
end  of  the  portage  is  an  aphanitio  dark  gray  rock  holding  white 
feldspar  crystals  (No.  640);  it  also  holds  a  few  roonded  pebble- 
like forms  of  rock  similar  to  itself.  On  this  portage  and  a  short 
distance  from  the  shore  of  the  small  lake  this  rock  becomes  softer 
and  schistose  and  is  not  so  distinctly  porphyritic^ — No.  641.  It 
holds  many  rounded  and  snbangnlar  pebbles  of  fine  grained  gran- 
ite, gray  argillyte  end  a  rook  similar  to  No.  640.  These  pebbles 
present  all  the  appearances  of  being  water-worn  and  roanded;  they 
are  in  places  arranged  in  rough  planes  that  ran  N.  2o°  E.  and 
stand  vertical.  On  the  east  side  of  the  lake  is  an  exposure  of  rock 
similar  to  No.  540,  and  on  the  same  side  nearer  the  north  end  is  a 
large  expoenre  of  a  peooliar  gray  granitic  rook  holding  m&ny  small 
feldspars  (Na  642).  This  is  probably  a  metamorphosed  grit. 
Back  &om  the  shore  a  little  ways  this  rock  beoomes  finer  grained 
and  darker  in  color,  and  is  seen  in  sharp  contact  with  a  fine  grained 
diabase  (No.  643),  which  is  probably  in  the  form  of  a  dyke.  No. 
644  shows  this  granitic  rook  at  the  contact,  bat  this  may  be  part  of 
the  rock  similar  to  No.  641.  North  of  this  and  extending  to  the 
portage  is  rock  similar  to  No.  641;  it  is  decidedly  oonglomeritie. 
I  noticed  a  few  scattered  greenish  inclusions  or  pebbles  in  No.  542. 

From  this  lake  is  a  portage  running  north  for  abont  fifty  yards 
to  another  small  lake.  According  to  the  plat  this  oaght  to  be  Zeta 
lake,  bnt  very  probably  the  bay  that  is  represented  at  the  soath- 
west  comer  of  Zeta  lake  is  separate  from  that  lake.  On  the  port- 
age from  this  small  lake  to  Zeta  lake  the  argillaceoas  slates  again 
occur;  they  here  strike  N.  20'  E.  and  dip  80°  to  85°  towards  S. 
20°  E. 
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D.      SAQlNAaA    LIKE    ABSA. 

The  work  od  this  area  was  ooufined  mostly  to  its  sonthweatern 
and  western  borders.  The  limits  of  the  granite  were  traoed  pretty 
aooaratel;  from  the  east  side  of  sec.  16,  T,  65-5,  west  and  north- 
west to  the  E.  i  of  see.  2i,  T.  66-6,  where  the  western  line  of  the 
granite  oroBsea  the  international  boundary. 

West  Sea  Oull  lake. 

The  sonthwest  oomer  of  the  point  that  ia  crossed  by  the  eoath 
line  of  see.  8,  T.  65-5,  ia  composed  of  a  coarse  grained  gray  gran- 
ite (No.  6i6).  Joateaatof  tbia  the  rook  is  mnoh  decayed  and  very 
sohiatose,  oa  abowa  by  No.  646.  This  is  undoubtedly  only  a  de- 
cayed portion  of  the  granite,  and  the  two  are  not  separated  by  any 
line.  East  of  this  the  granite  like  No.  645,  is  again  seen,  and  it 
also  outcrops  on  the  north  side  of  a  little  island  juet  sooth  of  thia 
point  There  are  no  outorops  at  the  end  of  the  little  bay  in  the 
N.  W.  i  of  N.  R  1  aeo.  17,  bat  a  abort  distanoe  to  the  east  are 
roonded  knolls  of  granite.  Here  the  rook  ia  darker  colored  and 
carries  leas  quartz  than  moat  of  the  granite  on  the  lake;  thia  faciea 
ia  shown  by  No.  647.  On  the  aonth  ahore  of  thia  bay  and  near  its 
eastern  end  is  a  low  outorop  of  the  ordinary  granite,  and  a  short 
diatanoe  to  the  west  are  large,  bare,  rounded  domes  of  a  dark  green 
slaty  rock  which  appears  maaaiTe  in  places.  At  the  water's  ed^ 
the  granite  was  eeen  in  contact  with  the  slaty  rock,  and  it  also  held 
angular  fragments  of  the  same.  The  granite  at  the  contact  waa 
ooaiae  grained  and  similar  to  No.  645.  The  green  slaty  rook  ia 
represented  by  No.  648.  The  rounded  domea  of  the  green  slate  are 
cut  by  numeroaa  branching  reins  or  dykes  of  granite,  which  is 
coarse  grained  and  similar  to  Na  645;  it  is  shown  by  No.  649. 
These  veins  are  of  all  sizes  up  to  those  twenty  feet  in  width;  the 
aides  of  them  are  not  finer  grained  then  the  oentrea.  A  second  aet 
of  granite  veins,  few  in  number,  also  out  the  green  rock  and  the 
course  granite  Tcina;  this  second  aeries  ia  composed  of  a  fine  grained 
reddish  granite  (No.  650),  and  these  veins  are  of  finer  grain  near 
their  edges  than  at  the  centre.  This  same  rook  was  seen  catting 
the  ordinary  granite  on  the  north  side  of  the  bay.  On  the  west 
ahore  of  the  bay  in  the  N.  E.  J  of  N.  W.  J  sea  17,  is  a  massive 
aphanitic  greenstone  (No.  661).  On  going  north  along  this  shore 
this  rook  aeems  to  pass  into  a  massive  diabasio  rock,  which  oomea 
in  contact  with  the  granite,  which  holda  pieoes  of  the  diabase  and 
sends  stringers  into  it.  No.  65'2  is  the  diabase  from  the  granite 
contact.    Qranite  occurs  in  a  few  outcrops  along  the  shore  in  the 
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N.  W.  ^  of  the  last  meationed  ^  seotioD,  bat  before  coming  to  the 
north  line  of  sea  17  the  aphanitic  greenetoDe  again  appears.  This 
is  seen  where  this  section  tice  cats  the  shore,  and  also  in  several 
places  in  the  a  W.  i  of  8.  W  i  sec.  8.  T.  66-5.  It  varies  from  a 
look  like  No.  651  to  one  that  is  harder  and  gray  to  greenish  in  color 
and  resembles  a  very  compact  and  fine  grained  graywaoke  (Ko. 
663).  Granite  is  again  seen  on  the  blnnt  point  which  is  toaohed 
by  the  west  line  of  sec.  8  sonth  of  the  quarter  poet. 

On  the  shore  in  the  N.  W.  i  N.  W.  i  S.  W.  i  sec.  8,  T.  65-5,  and 
also  at  the  vest  side  of  the  same  ^  section,  where  the  west  line  of 
the  eeotion  oroeaes  the  shore,  are  oatorops  of  conglomerate.  The 
matrix  of  the  conglomerate  is  gray  to  greenish  in  color,  qaite  coarse 
and  full  of  qaartz  grains.  In  this  matrix  are  many  pebbles,  among 
which  red  jaepilyte  is  conspionous.  No.  654  shows  this  oongtom- 
erate.  It  is  part  of  the  Ogishke  conglomerate  which  is  seen  in  so 
extensive  development  to  the  sontbweet  on  Ogishke  Monoie  lake. 
There  is  nothing  at  this  place  to  definitely  show  the  dip  and  strike' 
This  conglomerate  rises  in  a  ridge  jast  weet  of  the  shore,  and  in 
places  the  matrix  is  entirely  free  from  pebbles  and  quite  Bohistose. 
This  schistoee  stmotnre  rans  N,  35°  K.  and  stands  vertical.  A 
short  distance  further  west,  but  separated  from  the  conglomerate 
by  low  ground  where  there  are  no  exposures,  is  a  ridge  of  granite 
running  northeast  and  eonthwest.  This  granite  does  not  differ  ma- 
terially from  that  found  at  the  lake  shore;  it  is  represented  by  No. 
665.  This  granite  ridge  is  about  100  feet  wide;  beyond  it  the  con- 
glomerate again  appears  and  extends  westward  for  at  least  a  quarter 
of  a  mile  from  the  lake.  Beyond  this  is  low  ground  with  no  expos- 
ures. On  this  last  ridge  the  granite  and  conglomerate  are  seen  in 
contact  The  granite  mna  in  bands  in  the  conglomerate,  thus  giv- 
ing the  appearance  of  "interbedded"  granite  and  conglomerate. 
These  bands  of  granite  vary  from  one  to  thirty  feet  in  width,  and 
about  a  dozen  of  them  were  seen.  The  contact  lines  between  the 
granite  and  conglomerate  are  distinct,  but  rather  irregular;  bow- 
ever,  they  do  not  run  across  the  strike  of  the  conglomerate  for  more 
than  six  inches  at  a  time.  In  some  places  it  is  rather  diffionlt  to 
tell  which  rock  is  ander  foot,  but  when  the  two  rocks  are  seen  to- 
gether they  are  easily  distinguished.  The  granite  does  not  vary  in 
grain,  especially  at  the  contact,  but  is  of  a  uniformly  coarse  grain. 
No.  656  shows  the  conglomerate  at  the  contact,  and  Na  657  is  tiie 
granite  from  the  same  place.  No.  657A  is  the  granite  fonr  feet 
from  the  contact.  No.  668  shows  a  more  crystalline  condition  of 
the  ooDglomerate  matrix.  Interbedded  with  the  conglomerate  is  a 
small  amount  of  argillaceous  slate.    The  matrix  varies  from  that 
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shown  by  Na  65i  to  a  fine  grained  green  tudee  Bhawn  by  No.  669. 
Bands  of  the  matrix  free  bom  pebblea  are  oomtnon,  and  in  siudi 
oaiea  the  rook  ia  ooMBiiHiBUy  laminated.  The  strike  at  a  plaoe 
100  yards  east  of  the  granite  bands  is  N.  10°  E.,  bat  near  fdiese 
bands  it  varies  from  N.  10°  W.  to  exaot  N.  and  S.;  the  dy)  in  all 
oases  is  vvrtioaL 

The  granite  is  again  seen  aa  the  northeastern  side  of  the  round 
point  in  the  S.  W.  i  of  B.  W.  i  of  N.  W.  i  sec.  6,  and  also,  cm  the 
ptnnt  jast  east  of  this.  At  the  soatbiireat  oomer  of  the  bay,  which 
mns  into  the  S.  £  ^  of  N.  £.  ^  see.  7,  is  a  green  rook  similar  to 
No.  6S1;  it  is  oat  by  the  granite  and  is  also  seen  in  sharp  ooi^aet 
wiUi  a  fine  grained  porfdish  porpbyritio  rook,  vhioh  seems  to  be  in 
Mie  form  of  a  dyke,  althoogh  ibis  ooold  not  be  definitely  aean. 
This  porpbyritio  roek  is  the  same  as  Nob.  660  and  661.  On  the 
northwelit  ehon  of  this  bay  is  a  ridge  of  granite.  Granite  is  also 
seen  in  several  places  on  the  north  shore  of  liie  bay,  and  in  sua 
place  is  in  oontaot  with  a  porplish  rook,  which  is  mnch  decayed 
and  resembles  a  porphyrite.  The  line  between  this  rook  and  the 
granite  is  very  distinct,  and  the  former  seems  to  oat  the  latter  in 
tiie  form  of  a  dyke.  The  ^anite  is  nnohanged  at  the  contact,  bat 
the  other  rook  here  seems  to  be  finer  grained  than  nsoaL  No.  660 
•hows  this  porphyrite  ( ?)  from  the  oontaot,  and  No.  661  is  the  same 
twenty  feet  from  the  granite. 

Along  the  west  shore  of  the  lake  the  granite  is  seen  in  several 
otitoiops  in  the  N.  E.  ^  of  N.  W.  .^  sec.  8  and  S.  W.  1  sec.  5.  Near 
the  end  of  the  point  in  the  N.  E.  ^  8.  W.  J  aeo.  8  is  a  diabase  dy;ke 
in  the  granit&  This  dyke  is  also  seen  in  the  bay  on  the  west  of 
this  poinL  No.  662  represents  the  diabase  of  this  dyke ;  it  is  finer 
grained  near  the  edge.  The  same  dyke  ie  also  seen  on  the  west 
and  east  sides  of  the  end  of  the  point  in. the  N.  -i^  of  S.  E.  ^  sec.  5. 
It  has  an  east  and  west  direction  and  varies  from  thirty  to  forty 
feet  in  width.  On  going  west  from  the  soatbwest  side  of  the  bi^ 
in  the  N.  W.  }  S.  W.  ^  seo.  6  the  same  dyke  is  again  seen  in  eon- 
tact  with  the  granite,  and  both  rooks  form  a  ridge  that  rons  west 
from  the  lake  for  an  eighth  of  a  mile.  Seyond  this  (west)  is  a 
swamp  with  no  exposarae,  and  then  not  less  than  a  goarter  of  a 
mile  from  the  lake  is  a  ridge  raaniug  northeast  and  southwest. 
This  ridge  is  made  of  a  fioe  grained  laminated  slate  (No.  663), 
whioh  varies  from  a  gray  to  a  green  Argillyte.  The  lamination  and 
slaty  strnotore  coincide  and  strike  N.  15°  E.  and  stand  vertical. 
Soath  of  ^is  ridge  a  few  rods  is  another  oomposed  of  a  green  to 
gray  grit  (No.-66i),  whioh  is  like,  the  matrix  of  the  oonglomerate 
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above  deHoribed — Nos.  664  and  669.  No  pebbles  are  Tisible  in  this 
rock,  nor  is  there  aoy  laminatioD,  but  in  it  are  a  few  narrow  bands 
of  slate  similar  to  No.  663.  These  stand  Tertioal  and  strike 
N.  30"  E. 

The  granite  is  seen  in  several  oatorops  on  the  shores  of  the  bay 
in  the  centre  of  the  N.  }  sec.  6,  and  also  on  the  point  on  the  eoafc 
side  of  this  bay.  The  east  shore  of  the  point  in  the  S.  E.  ^  S.  E.  ^ 
sec.  8  was  also  examined  and  found  to  be  composed  of  granite. 

The  granite  of  West  Sea  Gall  lake  varies  considerably  in  grain 
and  also  in  the  amount  of  chlorite  or  hornblende  present  The 
fresh  rock  is  a  hornblende  granite,  bat  in  muiy  places  this  has 
been  completely  changed  to  chlorite.  There  seem  to  be  two  feld- 
spars present^ — a  yellow  and  a  pink  one.  No.  676  is  as  fresh  as  any 
of  Ihe  granite  of  this  lake  and  may  be  taken  as  a  ty))ioal  example 
of  it.  This  specimen  was  taken  from  the  east  side  of  an  island  in 
the  8.  W.  i  8.  E.  1  sec.  & 

^naU  lake  in  ihe  N.  W.  \  of  N.  W.  \  of  sec.  8.  T.  65-5. 

This  lake  is  not  shown  on  the  government  plat  On  the  east  and 
nortii  shores  of  the  lake  no  rock  expoeares  were  seen.  On  tiie  west 
shore  near  the  north  end  is  a  ridge  composed  of  the  Ogishke  oon- 
glomerate  similar  in  every  respect  to  that  described  from  West  Sea 
Oall  lake  in  this  same  section.  The  conglomerate  was  traced  west 
over  the  ridge  for  a  short  distance;  the  pebbles  became  fewer  in 
nambet  and  the  rook  in  places  was  slaty,  almost  exactly  like  Na 
663.  At  one  place  the  slaty  look  was  crampled  as  if  it  had  been 
pressed  in  a  direction  parallel  to  the  strike;  this  was  seen  for  only 
a  short  diatance.  In  places  the  matrix  showed  a  lamination  and 
again  it  was  broken  into  long  flags.  The  laminstioo,  the  long 
direotiou  of  the  flags  and  the  banding  and  slaty  cleavage  of  the 
slaty  areas  were  all  parallel  and  stood  veitic^;  the  dip  was 
N.  16' E. 

On  the  west  side  of  the  lake  near  the  sonth  end  the  granite  is 
seen  at  the  shore.  It  is  chloritio  and  holds  large  quarts  grains  and 
reddish  feldspars, — No.  666.  The  conglomerate  is  seen  not  more 
than  an  eighth  of  a  mile  west  of  the  shore,  bat  the  jonction  of  it 
and  the  granite  was  not  fonnd  What  is  said  aboat  the  conglom- 
erate in  the  last  paragraph  will  apply  equally  well  here,  except 
that  the  strike  is  N,  20°  E  Back  from  the  shore  the  graiiite  be- 
comes Bohiatose  in  places;  this  schistoae  stractore  stands  vertical 
and  strikes  N.  20°  E.  Here  the  rook  is  similar  to  Nu,  665,  except- 
ing for  this  schistosity.  A  little  fnrtber  west  the  granite  has 
changed  to  a  yellow  rook  holding  large  qaartz  griuns, — No.  666. 


STATE  OEOLOOIBT.  87 

This  and  the  conglomerate  were  separated  by  eeveral  yards  of  soil 
where  there  was  bat  one  expoeare.  This  expoaare  is  within  twenty 
feet  of  the  oonglomerate;  the  rook  is  shown  by  No.  667,  whioh  ap- 
pears to  be  a  more  decayed  part  of  the  granite.  On  the  west  side 
of  thia  ezpoBore  there  seems  to  be,  although  this  oonid  not  be  dis- 
tinotly  made  oat,  an  interbanding  of  rock  similar  to  Ka  667  and  a 
took  similar  to  this,  bat  finer  grained  and  greener.  It  is,  however, 
possible  that*  this  last  is  bnt  a  less  weathered  oonditioa  of  the 
tormer,  and  that  they  are  both  deoayed  oonditions  of  the  granite. 
The  two  rocks  (if  there  are  two)  are  shown  by  No.  668.  Twenty 
feet  west  of  this  is  the  oonglomerate  with  the  matrix  like  No.  664 
No  other  rook  expoaares  oooar  on  this  lake,  bat  between  its 
eoatheast  oorner  and  West  Hen  Qnll  lake  is  a  knoll  of  the  ordinary 
granite. 

Small  lake  in  the  &^  of  N.  W.  i  of  sec.  iff,  T.  $5-5. 

From  the  foot  of  the  bay  of  West  Sea  Gall  late,  in  which  are  the 
oomers  of  sees.  8,  9, 16  and  17,  a  portage  leads  soath  to  this  email 
lake.  The  ordiuary  granite  is  seen  in  two  or  three  places  ou  and 
near  this  portage  trail.  Oraaite  also  occurs  where  the  west  line  of 
sec  16  outs  the  north  shore  of  the  little  bay  that  proj'eots  into  the 
8.  E.  }  N.  E.  1  sea  17,  and  also  a  short  distance  on  either  side  of 
this  line.  On  the  west  side  of  this  little  bay  is  a  roanded  hill,  the 
northern  part  of  whioh  is  composed  of  granite  and  the  soathem 
part  of  a  hardened  mica-schist  (No.  669),  which  in  places  looks 
almost  like  a  fine  diabase.  The  granite  is  in  sharp  contact  with 
thia  rook  and  outs  it  with  many  vein-like  forms.  These  veins  are 
like  the  granite  elsewhere  and  differ  only  in  being  finer  grained  in 
places.  The  whole  exposure  mnch  resembles  that  seen  in  the 
N.  W.  i  N.  E.  i  sec  17,  West  Sea  Gull  lake,  and  described  under 
Noa.  617  to  650. 

Back  from  the  shore  at  the  southwest  oorner  of  this  little  bay  the 
same  hardened  mica-sohist  is  seen,  atid  it  ooeurs  again  within  a  few 
feet  of  where  the  west  line  of  sea.  16  outs  the  soath  shore  of  this 
bay.  Continuing  along  the  southwestern  shore  of  the  lake  more  of 
the  hardened  mioa-echist  is  seen;  it  varies  to  a  green  slaty  rock 
and  also  to  a  green  silioeous  schist  (No.  670).  These  were  all  cut 
by  granite  veins.  On  the  south  shore  near  the  east  end  of  the  lake 
the  granite  is  seen  in  a  large  ontorop.  No  outcrops  were  seen  on 
the  north  shore  of  this  lake  excepting  on  the  little  point  in  the  cen- 
tre of  the  N.  i  a  W.  ^  N.  W.  1  sec.  16,  and  on  the  small  island  jost 
<^  this  point;  here  the  rook  was  granite. 
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A  small  Btream  flows  from  this  lake  east  to  Bea  Gull  lake,  id  the 
8.  £.  1  N.  W.  i  sea  16,  and  jnet  soatli  of  the  stream  is  a  short  port- 
Age  betweeo  the  two  lakes.  Granite  oconrs  a  few  feet  sontii  of 
this  portage. 

Sea  Oull  lake. 

Tha  western  shore  of  this  lak^  in  sec.  16,  T.  65-6,  was  rather 
oarefnlly  examined.  There  were  many  expoeores,  but  these  were 
all  granite  except  on  the  south  side  of  the  bay  in  the  N.  E.  }  S.  E. 
J  eeo.  16,  and  on  the  shore  in  the  S.  E.  ^  8.  E.  J  sec.  16.  Here 
were  ontorope  of  the  same  hardened  mioa-sohist,  varying  to'  a  green 
slaty  rook,  as  described  above.     (Compare  Nos.  669  and  670.) 

Where  the  east  line  of  sec.  16  cute  the  soath  shore  the  granite  is 
seen;  here  it  is  ohloritic,  rather  decayed  and  somewhat  sohistoee, 
— Mo.  671.  Back  from  the  shore  e  few  rode  and  jost  west  of  the 
section  line  is  a  ridge  of  fine  grained  mioa-Bohiet,  varying  to  ohlo- 
ritic Bohiet  Farther  soath  and  on  the  north  side  of  the  east  and 
%^est  ridse,  on  which  is  the  Bontbeaetem  comer  of  sec.  16,  ie  a 
small  amount  of  fine  grained  granite  (Ko.  672),  probably  a  stringer 
from  the  main  granite  maes.  The  sooth  side  of  this  ridge  is  made 
np  of  a  greenidh  mioa-sobist  (Ko.  673);  here  the  strike  of  the 
schistose  stroctare  is  N.  70°  W.  and  the  dip  ia  vertical.  A  short 
distance  farther  Boath  is  another  ridge  of  the  same  rock.  No  lam- 
ination Was  Been  in  thie  schist;  it  varies  from  a  fine  Inica-sohist, 
like  So.  673,  to  rook  similar  to  Nob.  651  and  67a  On  this  last 
ridge  Ib  a  small  amonnt  of  a  gray  qaartz  porphyry  in  the  Bchiats; 
this  appeared  like  a  band  mnning  parallel  wiUi  the  Bchists; — No. 
674. 

Bed  Bock  lake. 

The  outcrops  on  the  west  end  of  the  bay  that  projects  into  the 
N.  E.  i  N.  E.  ^  sec.  5,  T.  66-£,  are  all  granite.  The  bay  which  liee 
iu  the  E.  i  N.  E.  i  sea  82  and  W.  i  N.  W.  i  aeo.  33,  T.  66-5,  was 
examined.     Here  there  are  several  outcrops  of  the  ordinary  granite. 

On  going  north  from  West  Sea  Gall  lake  the  granite  beoomee 
ooarser  in  grain  and  more  pink  in  color;  it  is  hornblendic  rather 
than  chloritdo.  The  qaartz  grains  are  eepecially  large^ — commonly 
a  quarter  of  an  inch  aoroes  and  sometimeB  as  much  as  half  an  inch. 
Frequently  one-third  of  the  rook  is  made  ap  of  these  large  qaartz 
grains. 

Saganaga  lake. 

The  ooanie  grained  granite  of  Bed  Bock  lake  is  found  also  cm 
Si^anaga  lake.  No.  686  from  the  point  in  the  S.  W.  i  N.  E.  i  sec. 
: ! ,  T.  66-6,  fairly  representB  the  granite  of  the  main  part  of  Sag- 


oogic 


STATS  OEOLOaiST.  SO 

BDaga  l&ke.  It  is  of  decidedly  coarse  grain  and  of  a  pinkish  oolor. 
The  large  irregular  areas  of  qaartz  are  very  noticeable.  The  feld- 
spar ia  pinkish  and  sometimes  yellowish.  Hornblende  is  present 
in  considerable  amoont  and  is  more  or  lees  changed  to  chlorite. 

On  the  east  end  of  a  long  island  which  lies  jost  sonth  of  the 
point  in  the  8.  W.  1  N.  K.  ^  aea  22,  T.  66-6,  is  a  a  diabase  dyke  in 
(he  granite.  This  dyke  is  ten  feet  in  width  and  has  a  north  and 
sonth  direction. 

The  island  which  lies  mostly  in  the  8.  E.  ^  N.  W.  ^  sea.  14,  T. 
66-^,  is  composed  of  a  look  which  varies  from  a  fine  gruned  sye- 
Dite,  mode  up  almost  completely  of  feldspar  and  very  little  hoio- 
btpnde,  to  a  very  coarse  grained  syenite  of  the  same  kind,  and  again 
to  a  rock  composed  mosUy  of  feldspar  and  quartz,  the  latter  in  very 
large  grains.  In  places  it  is  porphyritic  and  Iibs  a  reddish  feld- 
■pathio  groand-masB,  in  which  are  red  feldspar  crystals  and  somo- 
thnes  qaartz  crystals.  Disseminated  throT^[h  the  rook  in  vbuxb, 
and  also  in  small  griuns,  ia  a  dark  violet  flaor  spar.  There  are  also 
some  few  small  yellow  grains  in  the  rock  which  resemble  talc.  At  the 
norUi  side  of  this  island  is  a  large  mass  of  white  quartz  which  ex- 
tends along  the  shore  tor  over  a  hnndied  feet.  This  qaartz  mass  was 
Bot  seen  in  other  places  on  the  island.  Mixed  in  with  the  qaartz 
are  flaor  spar,  yellow  talc  and  red  feldspar;  the  latter  often  shows 
cleavage  faces  eight  or  ten  inches  across.  Small  qaartz  crystals 
are  seen  in  cavities;  these  crystals  vary  from  colorless  ones  to  those 
that  are  parple  and  even  black.  The  rook  from  this  island  is 
represented  by  Nos.  676,  677  and  67a 

Iq  the  N.  E.  j[  N.  W.  i  sec  14,  T.  66-6,  sonth  side  of  the  large 
island  crossed  l^  the  north  line  of  this  section,  the  rook  appears  to 
be  porphyritic  with  large  quartzes;  this  is  probably  a  decayed  con- 
dition of  the  ordinary  granite,  the  quartz  being  the  only  mineral 
onaltered.  This  rook  is  represented  by  Nos.  679  and  680.  This 
rook  is  seen  farther  east  in  the  same  ^  section  along  the  shore  of 
the  island.  Is  the  8.  W.  ^  8.  E.  ^  sec.  11,  the  ordinary  granite  oo- 
Qors,  and  this  is  also  seen  in  several  places  in  the  8.  ^  of  sec.  11,  on 
the  west  shore  of  this  large  island. 

Alt  the  outcrops  seen  along  the  shore  in  sees.  10  and  9,  T.  66-5, 
were  of  the  asual  coarse  grained  granite.  On  the  little  island  in 
the  extreme  soathbast  comer  of  sec  8  the  granite  is  seen  in  con- 
tact with  a  fine  grained  reddish  aplite,  which  seems  to  be  in  the 
form  of  a  dyk&  The  granite  did  not  appear  to  be  changed  at  the 
contact,  but  the  other  rock  was  finer  grained.  No.  682  shows  this 
^lite  ten  feet  from  the  contact,  and  No.  681  is  the  same  from  the 
contact.    The  shore  was  followed  pretty  closely  in  sees.  17,  18  and 
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19.  T.  66-6,  and  many  ezpoenres  were  seen.  No.  683,  from  the 
small  island  in  the  month  of  the  bay  which  projeots  into  the  N.  E. 
^  N.  £.  1  sec.  19,  well  represents  the  rook  in  see.  17  and  the  S.  £. 
i  o(  seo.  18.  On  the  west  side  of  the  point  in  the  extreme  sonth- 
eastern  oomer  of  N.  E.  ^  8.  E.  ^  seo.  18,  the  Took  is  decayed  and 
the  feldspar  no  longer  shows  distinct  oleavage  faoas, — No.  684. 
Along  the  points  in  the  S.  W.  ^  S.  E  ^  see.  18,  the  rook  is  mooh 
decayed  and  broken,  bnt  it  still  seems  to  be  part  of  the  granite, — 
No.  685.  Jnst  nortti  of  this,  on  the  Oanadian  side  and  not  mcn« 
than  two  hosdred  feet  distant,  the  ordinary  granite  similar  to  Na 
68SiBseen. 

Outcrops  of  granite,  similar  to  No.  683,  oontinne  along  the  east, 
south  and  west  shores  of  the  bay,  which  lies  in  the  W.  i^  of  s«o.  19, 
T.  66-5,  almost  to  the  west  line  of  this  section.  At  this  line  the 
rook  is  decayed,  as  shown  by  No.  687.  On  the  Oanadian  side,  jost 
north  of  this,  apparently  the  same  rock  is  seen  in  a  Tery  schistose 
condition;  it  is  also  broken  into  well  defined  fl^pstones  from  one 
to  four  inches  in  thickness.  These  flagBtones  stuid  parallel  to  the 
sohiBtoeity,  which  strikes  N.  40°  W.  and  dips  70°  towards  the 
Bonthweei  Similar  rock,  bnt  with  less  Bchistose  strnctore,  is  seen 
on  the  Minnesota  side  near  this  section  line.  The  specimens  col- 
lected from  the  Canadian  side,  Nos.  688  and  689,  are  not  as  fall  of 
large  quartz  Rrains  as  most  of  the  rock  here,  bat  they  are  the 
Boandest  pieces  that  could  be  obtained.  No.  689  is  but  a  weathered 
condition  of  No.  688,  as  is  shown  by  one  of  the  speoimens  marked 
689.  It  is  not  absolntely  certain  that  this  rook  is  part  of  the  gran- 
ite, bnt  all  indications  seem  to  point  that  way.  It  is  seen  in  many 
places  in  this  vicinity  and  will  be  spoken  of  as  altered  granite. 

Along  the  east  shore  of  the  bay  in  the  8.  E.  i  seo.  24,  T.  66-6. 
the  rock  is  similar  to  Nob.  688  and  689,  although  sometimee  of 
ooareer  grain.  The  rook  along  this  shore  in  the  E  (  N.  E.  J  of 
the  same  quarter  Bection  is  well  represented  by  the  last  two  num- 
bers, by  No.  690  and  by  Nos.  693  and  694,  to  be  described  below. 
In  this  Bubdivisiou  of  seo.  24  the  altered  gianite  is  seen  in  contact 
with  elates.  There  is,  however,  only  a  small  mass  of  the  slate  in 
contact  with  this  altered  granite,  but  large  amonnte  of  it  appear 
jnst  to  the  south  of  this  place.  The  contact  is  sharp  and  well  de- 
fined. No.  691  shows  the  slate,  which  is  a  gray  to  a  black  argillyte 
No.  692  is  the  altered  granite  at  the  contact  These  two  Bpeoimens 
were  taken  within  three  inches  of  each  other.  The  lamination  and 
slaty  cleBvage  of  the  slates  are  practioally  parallel,  although  the 
speoimens  collected  (No.  691)  do  not  show  it.  The  strike  is  N.  34° 
W.,  and  the  dip  is  68°  towards  8.  56°  W.    Rook  No.  692  passes 
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gradually  into  Nos.  693  and  694,  and  these  three  nmnberB  were 
taken  wiUiin  a  distance  of  tour  feet  Ka  696  is  from  the  slates 
about  a  foot  from  the  oontaat;  it  is  probably  an  interbedded  band 
of  graywaoke.  A  small  bed  of  slate,  six  inches  wide,  is  seen  with 
the  altered  gtanite  on  each  side  of  it;  this  slate  (No.  696)  is  very 
fissile  and  of  a  drab  color,  appearing  oonsidwably  different  from 
the  ordinary  slate  (No.  691).  The  contact  between-  the  tvg  rooks 
in  both  plaoes  is  parallel  to  the  strike  of  the  elate,  and  the  altered 
granite  at  the  contact  is  finer  grained,  like  Nob.  692  and  693,  but 
grades  off  rapidly  into  a  ooaraer  grained  faoies,  like  Na  694.  There 
seems  to  be  no  line  between  the  ordinary  granite  (Na  683)  and  the 
rooks  numbered*  6U8,  689,  690,  692,  693  and  694,  but  there  is  a  very 
evidffiit  line  between  the  slates  and  these  roaks.  This  altered  granite 
is  light  gray  or  greenish  gray  in  color  when  not  weathered,  bat  on 
weathering  becomes  brownish  and  seemingly  coarser  grained. 
This  weathering  in  places  does  not  extend  more  than  a  quarter  of 
an  inch  into  the  rock,  and  in  other  plaoes  it  goes  as  far  as  three 
inches  from  the  surface;  (compare  specimens  Nos.  688  and  689.) 

On  the  east  shore  of  the  bay  in  the  &  K  ^  sea  24,  T.  66-6,  just 
north  of  the  little  stream  which  flows  from  the  lake  to  the  south, 
the  altered  granite  and  slate  nre  again  seen  in  contact  Here  there 
are  three  bands,  three  to  six  feet  wide,  of  the  altered  fi^ranite,  or 
what  appears  to  be  snoh,  in  the  slate;  the  rock  of  these  b^nds  is 
shown  by  No.  727.  This  rock  is  sharply  separated  from  the  slates; 
in  places  It  becomes  oo&rse  by  the  addition  of  large  quartz  grains. 
Just  away  from  the  contact  are  bands  of  grit  in  the  elates  like 
Nos.  729  and  730.  Near  the  oontaot  the  slates  hold  bands,  from 
one-half  to  six  inches  wide,  of  a  fine  grained  graywaoke  (No.  728). 
It  is  hard  to  distingniah  in  some  oases  between  the  grit 
and  the  altered  granite  near  the  oontaot  between  this  latter 
rook  and  the  slates;  almost  the  only  difference  to  be  seen  is  in  the 
peouliar  weathering,  mentioned  above,  of  the  altered  granite,  but 
when  this  rook  is  in  large  masses  it  can  be  easily  distinguished. 
The  strike  of  the  elates  at  this  place  Tsries  from  N.  QO^*  W.  to  N. 
20°  W..  and  the  dip  from  70*  to  80°  towards  the  sonth.  The 
lamination  and  slaty  oleavage  are  parallel,  bat  the  rook  has  been 
much  twisted.  In  some  of  the  slaty  beds  there  is  a  distinct 
BOhietose  strnctore,  which  is  different  in  direction  from  the  slaty 
dearie;  this  sehistosity  strikes  from  north  and  aonth  to  N. 
S°  E.,  and  dips  70°  to  80°  towards  the;  east.  South  of  this 
little  stream  the  dip  and  strike  are  rather  constant;  the  latter  is  76° 
towards  S.  60°  W.,  and  the  strike  N.  30°  W.  Here  was  seen  a  bed 
of  the  grit,  shown  by  Na  729,  which  held  twisted  fragments  of 
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slate.  A  little  fnrthsr  sonth  was  another  bed  of  the  same,  which 
had  one  side  a  Tery  irregolMr  lioe  wp.d  one  end  wae  abmptly  eot 
00  by  the  slate.  The  grit  from  this  place  ia  sfaowa  by  No.  780. 
The  east  shore  of  this  bey  vaa  oarefolly  examined  sonth  of  the 
above  mentioned  stream.  Many  placea  were  fonnd  ^Iiere  the  grit 
held  angular  and  twisted  fragments  of  the  slate.  These  fragments 
were  i^  most  oases  entirely  dLsoonneoted  from  the  elafy  bands  and 
oompletely  enclosed  in  the  other  rook.  Nob.  781  and  783  are  sam- 
ples of  the  rook  whieh  held  the  slate  fr^ments.  In  other  places 
rook  like  this  gradnolly  passed  into  the  slate.  These  bands  of 
slates  and  grit  oontinae  along  tb.6  sonth  and  west  shore  of  this  bey 
nearly  to  its  north  end,  where  the  altered  granke  is  again  seen,  at 
first  holding  beds  of  tbe  slate.  The  phenomena  here  seem  to  be 
the  same  as  described  above.  The  strike  of  the  slates  was  taken  in 
several  places;  it  averages  N.  80^  W..  and  the  dip  was  70<>  to  80° 
towards  the  sonthweet  However,  there  were  suue  local  variations 
in  the  strike;  these  varied  from  N.  20°  W.  to  N.  iS"  W. 

On  the  west  shore  of  the  bay  in  the  W.  )  of  sso.  }  9,  T.  6&-6,  ncM- 
the  west  lioe  of  this  seotios,  a  series  of  apeeimens  was  coUeeled 
representing  tbe  change  from  the  granite  to  the  so-called  altered 
granite.  These  specimens  were  taken  within  a  dietaaoe  of  fifteen 
feet;  they  are  nnrabered  from  717  to  725  inolosiTa.  No.  790 
seems  to  be  only  a  decayed  condition  of  No.  7!U..  The  exact  order 
of  the  specimen^  to  show  the  steps  of  this  gradation  is  not  certain, 
as  tbe  rock  exposed  was  mnoh  broken  into  aBgnlav  fraguenta, 
some  of  which  were  displaced  a  few  isohes.  At  this  place  the 
granite  held  one  indnslon  of  a  fine  groined  greeastene  (No.  720). 

At  ths  portage  from  Saganags  west  to  Oak  lake  the  altered 
granite  is  again  seen,  and  also  jnst  west  of  this  on  the  sonth  shore 
of  Osk  lake.  Here  it  holds  small  grains  of  white  feldspar,  No. 
733.  Farther  west  on  the  soath  shore  the  slates  are  seen  holding 
bands  of  what  appear  to  be  the  altered  gruiite,— 'Na  734^  Heie 
tiie  strike  is  N.  36°  W.,  and  the  dip  abont  80^  towards  the  sonth- 
west  The  slate  formation  becomes  well  esteblished  before  reaob- 
ing  the  west  end  of  Oak  lak& 

Wind  ialte  and  vicinity. 

This  lake  lies  in  the  E.  I  E.  ^  sea  25,  T.  66-6,  and  the  W.  iW. ) 
sea  90,  T.  66-5,  with  a  email  bay  projecting  into  the  S.  W.  jt 
S.  W.  i  sec  19,  T.  66-6.  It  is  connected  with  Saganaga  lake  by  a 
small  stream  which  flows  from  the  north  end  of  this  small  bay  into 
the  bay  of  Saganaga  lake,  which  lies  in  the  S.  £.  ^  of  Be&  94,  T. 
60-6. 
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On  the  west  side  of  Wind  lake,  in  the  S.  K  i  N.  K  1  eeo.  26, 
the  look  ifl  oomposed  of  intergrading  and  intetbedded  bands  of  a 
greeniah  slate  (Na  697),  a  graywaoke  (No.  698)  and  a  grit  (Na 
699).  The  banding  and  alatj  cleavage  coincide  in  direction.  The 
strike  a  almoat  ezaotly  north  and  aonth,  and  the  dip  Ib  78°  to  83° 
towards  the  west.  Back  from  the  shore  a  hundred  jatds  is  a  blnfl 
composed  mostly  of  grayraoke  and  grit;  here  the  general  strike  ia 
north  and  sonUi,  although  there  ia  much  local  twisting.  On  the 
mrfaoe  of  the  rook  the  glaoial  strin  are  very  distinct  and  ran  yeej 
nearly  sooth.  A  short  distance  Farther  soath  on  the  west  sfabre,  in 
tiiH  N.  E.  ^  S.  E.  ^  sec.  26,  the  rock  at  the  shore  appeam  almost 
maanve  and  is  broken  np  into  ongolar  blocks.  There  are  many 
Barrow  bands,  one  to  four  inches  wide,  of  slEite  in  the  rook,  whi<A 
strike  N.  15°  W.  and  dip  W.  82°.  The  slate  ia  laminated  in 
I^aoas  and  is  almost  exactly  similar  to  No.  691.  The  main  masa  of 
the  rook  varies  from  a  graywacke,  like  No.  698,  to  a  grit,  like 
2To.  ^9,  and  is  very  hard  and  oompaot.  Frequently  the  slaty 
bands  grade  into  the  other  rock.  This  ezpoeore  is  at  the  north 
entranoe  to  the  little  bay  in  the  same  -^  section.  At  the  vest  end 
and  at  the  sonth  entranoe  to  this  bay  are  ezpoenres  of  the  same 
rook,  bat  with  fewer  slaty  bands.  The  strike  is  rather  imperfecUy 
shown,  bat  seems  to  be  N.  20°  W.  No.  700  is  the  graywacke  from 
the  west  side  ol  this  bay;  it  somewhat  resembles  some  facies  of 
the  altered  granite  foond  in  oontaot  with  the  slate  on  Saganaga 
take.  Sonth  of  this  bay  no  expoenres  are  seen  on  the  went  shore, 
and  there  are  none  on  the  south  shore.  On  the  east  shore  near 
the  south  end  of  the  lake,  and  back  a  few  yards  from  the  water,  is 
a  large  exposure  of  the  graywacke,  in  which  the  lamination  is 
indistinct.  On  the  southwest  side  of  this  exposure  of  graywaoke 
is  an  area  of  black  to  gray  slate  about  eight  feet  wide  and  twenfy- 
fire  feet  long,  and  exposed  for  six  to  seven  feet  in  hight  The 
slaty  cleavage  is  distinct,  striking  N.  Sff  W.  and  dipping  Qi"  B.W. 
The  lamination  is  extremely  distinct;  it  has  the  same  strike  bat 
dip»  B2P  towards  the  northeast  This  lamination  fades  oat  grad- 
nally  into  the  graywaoke.  The  slate  is  to  all  appearances  the  same 
as  that  seen  on  the  vest  side  of  the  lake.  Na  701  shows  in  a 
small  way  this  disoordanoe  of  slaty  cleavage  and  lamination.  This 
espoffve  is  in  the  S.  B.  i  a  W.  i  S.  W.  i  sec.  80,  T.  66-6. 

Several  oatorope  of  rock  varying  from  slate  to  graywaoke  ocour 
on  tlte  east  shore  in  S.  W.  i  seo.  30.  The  slaty  deavage  and  the 
lamination,  where  seen,  always  ooinoide.  The  strike  on  the  little 
point  in  the  W.  J  N.  W.  i  S.  W.  i  seo.  30  is  N.  6"  W.  and  the  dip 
ifl  70°  W.    The  litUe  island  jaet  off  the  point  in  the  S.  W.  iN. 
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W.  i  Bed  30  has-  a  fine  exposure.  Here  the  bedding  of  the  gray- 
vaoke  is  Been  to  good  advantase;  strike  N.  22^  W.  and  dip  70** 
towards  S.  68°  W.  On  tlie  point  at  the  west  entraaoe  to  the  bfty 
in  E.  i  8.  W.  i  N.  W.  i  see.  30  the  etrike  is  N.  23°  W.  and  the 
dip  70°  to  76°  towards  8.  68°  W.  The  shores  of  this  bay  are  low 
and  show  no  oatorops,  but  on  the  ehore  aboat  300  feet  east  of  the 
last  named  point  is  an  ontorop  of  altered  granite  like  No.  689.  It 
is  roi^ly  schistose;  this  stmotnre  is  vertical  and  mns  north  and 
Booth.  Less  than  fifty  yards  east  of  this  is  a  ridge  of  the  same 
rook  very  ooaree  grained.  A  little  farther  north  (in  the  EL  i  N. 
W.  i  sea  30)  the  rook  at  the  shore  is  the  same  as  in  the  ridge.  In 
places  four- fifths  of  the  rook  is  composed  of  qoartz  as  is  shown  by 
No.  702.  AppfLrently  in  this  altered  grtoute  was  a  small,  illy 
exposed  area  of  brownish  fissile  slate.  No.  703  shows  this  slate 
and  No.  704  a  oonditioo  of  it  near  the  ordinary  altered  granite.  It 
appears  as  if  this  slate  ie  part  of  the  slate  formation  of  the  region 
enclosed  in  the  oth&t  rock,  bot  nothing  definite  ooold  be  made  oat 
conoeming  it 

The  altered  granite  extends  along  tiie  east  shore  in  the  N.  'W.  i 
sec.  30,  and  to  the  extreme  northern  point  of  the  lake.  Here,  on 
the  east  side  of  the  stream  which  flows  into  Saganaga  lake,  the 
Took  is  altered  granite,  bot  on  the  west  side  of  this  stream  the  slate 
and  graywaoke  formation  appears.  The  slates  hold  bands  of  what 
seem  to  be  the  altered  granite,  and  also  of  graywaoke  and  grit.  It 
is  here  impossible  to  disticgaish  between  these  rocks,  in  tact  it 
seems  as  it  the  so-called  altered  granite  was  a  part  of  the  grit  and 
graywaoke.  Nos.  70S,  706  and  707,  from  the  east  end  of  this  ex- 
posure, show  facies  of  the  altered  granite  or  of  the  grit  and  gray- 
wacke.  No.  708  certainly  seems  to  be  grit;  it  was  taken  over  fifty 
yards  from  the  main  mass  of  the  altered  granite.  In  one  plaoe  one 
of  these  questionable  bands  was  aeen  to  hold  fragments  of  slate 
near  its  edge, — No.  709.  Id  do  place  did  I  see  any  of  the  so-called 
altered  granite  bands  catting  across  the  strike  of  the  slates.  Near- 
est the  main  mass  of  altered  granite  the  slates  are  brownish,  as 
thoee  found  inclosed  in  the  other  rook  (see  Noe.  704  and  705)  and 
are  shown  by  No.  710. 

The  slaty  formation  extends  along  the  north  and  west  shores  of 
of  Wind  lake.  Northwest  from  the  northwest  comer  of  the  lake  is 
a  high  blnff  composed  mostly  of  grit  and  graywaoke,  the  former 
apparently  somewhat  re-crystallized  (No.  711).  Here  the  dip  ia 
75°  to  80°  towards  8.  60°  W.  About  s  quarter  of  a  mile  south  of 
this  bluit  the  dip  is  80"  towards  8.  70°  W. 
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Od  goiog  east  from  the  eoatli  end  of  the  lake  to  the  small  lake 
which  is  oroased  by  the  sonth  line  of  eeo.  30,  east  of  the  qaarter 
poat,  only  a  few  oatcrope  were  seen.  These  were  of  the  same  slate 
formation  as  exists  on^the  shores  of  Wind  lake.  On  the  west  shore 
of  this  small  lake  the  strike  is  N.  20°  W.  and  the  dip  80°  towards 
S.  70°  W.,  but  at  an  ontorop  aboat  an  eighth  of  a  mile  west  of  this 
the  strike  is  N.  26°  E.  and  the  dip  is  probably  80°  towards  N.  66° 
W.,  bat  the  dip  ooold  not  be  aoonrately  determined,  as  only  a 
smooth  glaciated  snrfaoe  was  exposed.  An  ontorop  on  the  east 
shore  of  this  small  lake  appears  to  be  of  the  same  slaty  formation, 
bnt  it  was  not  visited.  In  the  E.  i  of  N.  W.  i  sec.  30,  the  altered 
granite  similar  to  No.  702  is  seen. 

Soath  of  Wind  lake  a  short  distanoe  are  a  few  ontorops  of  the 
slate  formation.  Here  the  beds  are  twisted  somewhat,  bnt  the 
general  strike  is  a  little  west  of  north.  Sootheest  from  the  lake 
the  slate  ontorops  extend  for  a  qaarter  of  a  mile.  The  dip  taken 
on  one  ontorop  was  vertical  and  the  strike  N.  26°  W.  We  went 
eut-sontheast  from  the  sontheast  end  of  Wind  lake,  bnt  after  pass- 
ing the  above  mentioned  ontorops  of  slate  no  other  rook  was  seen 
in  siUt  antil  ooming  into  abont  the  N.  E.  i  S.  W.  i  sea.  32,  T.  6&-6. 
Here  the  ordinary  coarse  grained  hornblende  granite  oooars,  bat 
of  not  qaite  as  ooarse  grain  as  that  asoally  seen  on  Saganaga  lake. 
Farther  on,  probably  in  the  8.  W.  i  8.  E.  i  of  the  same  section, 
granite  is  again  seeni 

On  going  east  from  Wind  lake  about  the  centre  of  the  N.  W.  i 
seo.  30,  an  apparent  gradation  is  seen  between  the  altered  granite 
and  the  ordinary  granite.  The  latter  was  found  in  the  midst  of 
the  former  and  not  separated  from  it  by  any  line  or  sadden  change. 
Noft.  712  to  716,  together  with  the  finer  grained  conditions  of  this 
rook  already  described,  show  this  gradation  into  the  ordinary  gran- 
ite. In  its  coarsest  condition  the  altered  granite  is  much  weath- 
ered and  decayed,  and  it  is  difBcnlt  to  get  good  specimens  of  it  I 
also  went  east  from  the  lake  a  short  distanoe  on  the  north  line  of 
sec.  SO,  and  then  northeast  to  the  bay  of  Saganaga  lake  in  the  8.  W. 
i  sec.  19,  T.  66-6,  and  saw  essentially  the  same  gradations.  In 
places  the  altered  granite  has  Irregalar  areas  in  which  the  large 
qaartz  grains  are  lacking  and  the  rook  is  almost  entirely  composed 
of  a  fine  gre«^ni8h  material,  as  seen  in  specimens  Nos.  688  and  689. 
In  a  few  places  the  large  qaartz  grains  were  arranged  along 
definite,  distinct  lines  or  "beds,"  and  this  arrangement  faded  off 
into  the  main  mass  of  the  rook  where  no  arrangement  of  the  grains 
ooold  be  seen.  These  "  beds"  ran  from  10°  to  30°  W.  of  N.  and 
seemed  to  stand  vertical. 
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PABT   n.-0ATALOaU£    OF    BOOK    BPE0IMEN6 

COLLBOTBD   BI   UlTBSEB  ShBBIUII  GbUTT  IN   1891. 

Tbia  is  s  continiiatioD  of  the  list  ended  on  page  216  of  the  17th 
(1888)  A  nnnal  Beport.  The  page  references  refer  to  the  places 
vhere  the  fipeoimens  are  described  in  this  report 
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299.  Greenstone.  Jost  sonth  of  Fiokerel  lake,  on  the  east  line 
of  see.  26,  T.  6»~11.     P.  39. 

300.  Qnartiless  porphyrr.  A  short  distance  south  of  the  la«t. 
P.  89. 

SOL  Contact  of  the  last  with  the  greenstone.  Same  loo«Uly. 
P.  39. 

302.  Greenstone.  S.  £.  ^  M.  W.  1  aeo.  25.  T.  63-11,  portage 
from  Eawishiwi  iiTer  to  Pickerel  lake.    P.  39. 

303.  Sohiatoae  graywaoke.    Same  locality.    P.  39. 

304.  GreenBtone.  S.  £.  i  N.  W.  1  sec.  2$.  T.  63-11,  Pickerel 
lake.     P.  39. 

306.  Greenstone.  M.  W.  ^N.  E.  laeo.  26,  T.  63-11,  soothBhore 
of  Pickerel  lake.    P.  39. 

306.  BiUoeooa  greenstone.  K.  W.  1  N.  E.  ^  sec.  26,  T.  68-11, 
floath  shore  ot  Fiokerel  laka    P.  39. 

307.  Oreenstone.  N.E.i  N.  W.  1  sec.  30,  T.  63-10,  saDthsboie 
of  Pickerel  lake,  at  the  oatlet.    P.  39. 

30a  Greenstone.  N.  E.  ^  N.  W.  1  sec.  SO,  T.  63-10,  east  end  of 
Pickerel  lake.    P.  39. 

309.  Greenstone.  8.  W.  J  a  W.  J  sec.  19,  T.  63-10,  north  shore 
of  Pickerel  lake.    P.  39. 

310.  Serioitic  BohiBt  East  line  ot  aeo.  19,  T.  63-11,  north  of 
the  quarter  post.     P.  39. 

311.  Coarse  gneissia  syenite.  A  short  distance  farther  sooth 
and  jnst  north  of  the  quarter  post.     P.  39. 

312.  Fine  granite.     Same  locality.     F.  39. 

313.  Dark  gneissio  syenite.  East  line  of  aeo.  19,  T.  63-11,  eoath 
of  the  qoarter  poaL    P.  39. 

3U.    Hica.«chist.    Same  locality.    P.  39. 
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316.    Fine  biotite  granite  rein  rook.    Same  loeoli^.    P.  40. 

816.  Mioa-eabisL  8.  W.  ^  M.  W.  }  «eo.  30,  T.  68-10,  Utile  point 
on  north  aide  of  the  Eswishiwi  river.    P.  40. 

817.  Fine  vein  grtmit*.    Same  locality.    P.  40. 

S18.  Hioa-BOhist.  Sonth  of  the  Eawishiwi  riTCT,  about  on  tlie 
vest  line  of  see.  31,  T.  63-10.    P.  43. 

819.     Green  Bohist     Same  locality.     P.  43. 

320.  Bed  syenite.  N.  R  ^  S.  W.  1  see  80,  T.  63-10,  sonth  shojre 
of  the  Kawiflhivi  rirer.    P.  43. 

33L    Dyke  rook  in  the  ayenite.    Same  locality.    P.  44. 

83S'to326.  Syenite  near  the  contact  with  the  mioa-echiat  Same 
locality.    P.  44 

326  to  3S8.  Mica-achiat  near  the  contact  with  the  ayenite.  Same 
locality.    P.  44. 

829.  Syenite  and  mioa-aohiat  in  contact;  not  in  situ.  Same  lo- 
cality.   P.  44. 

380.  Kne  diorite  dyke  rook.  S.  W.  }  N.  £.  ^  aec.  80,  T.  63-10. 
P.  44. 

33L  H<Hmbiende  gn^aa;  inolaaion  in  Byemt&  Same  locality. 
P.  44 

332.    SilioeoosBchiat;  inoloaion  in  syenite.  Samelooalify.  P.  44. 

833  to  836.  Specimens  showing  change  from  mioa-aoluBt  to  aye- 
nite. a  E.  i  N.  E.  i  aec  30,  T.  63-10,  eaat  ahore  of  Eaviafaiwi 
river.    P.  44. 

387.  Syenite  showing  "flowage  atmotare."  8.  W. }  N.  W.  J  sec 
82,  T.  63-10,  aonth  shore  of  aeorwater  take.    P.  40. 

338.  Bed  ayenite.    Same  locality.    P.  40. 

339.  Coarse  syenite.  S.  W.  J  S.  E.  1  aeo.  29,  T.  63-10,  north 
ahore  of  Clearwater  Uka    P.  40. 

340.  Fine  ayenite.  West  line  of  see.  32,  T.  68-10,  nrath  shore 
of  Clearwater  lake.     P.  41. 

34L  Hica-Bohiet  and  ayenite  in  oontaob  N.  E.  ^  N.  E.  J  sec. 
31,  T.  6S-10,  north  shore  of  Clearwater  lake.     P.|41. 

343.  Bed  ayenite  near  contact  with  mitia>achist  Same  locality. 
P.  42. 

843.  Coarse  black  diorite.  E.  ^  N.  E.  i  sec.  31,  T.  68-10,  west 
shore  of  Clearwater  lake.     P.  41. 

344  Bad  syenite  cattiog  the  above  diorite.  Same  locality. 
P.4L 

846.    Gray  syenite  onttii^  the  above  diorite.     Same  locality. 

p.<i. 

846.    Trap  djke  rook.    Same  lomUtr.    F.  41. 
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347  and  348.  Bed  syenite.  West  line  of  sec  6,  T.  62-10,  north 
of  the  Kawishiwi  river.    P.  41, 

349.    Hornblende  vein  rook.    Same  locality.    F.  41. 

360.  Dark  red  syenite.  Kear  the  west  line  of  sec  6,  T.  63-10, 
north  shore  of  the  Kawishiwi  river.    P.  42. 

SSL    Dark  coarse  syenite.    Same  locality.    P.  42. 

352  to  354.  Coarse  dark  diorite.  S.  W.  ^  N.  W.  i  aeo.  5,  T. 
62-10,  north  shore  of  the  Kawishiwi  river.    P.  42. 

366.  Syenite.  R  E.  ^  N.  E.  1  sec.  6,  T.  62-10,  Kawishiwi  river. 
P.  42. 

356.  Bed  hcnrnblende  granite.  K.  W.  ^  S.  W. }  seo.  9,  T.  62-10, 
Boath  shore  of  the  Kawishiwi  river.     P.  42. 

357.  Gftbbro.    S.  W.  J  S.  W.  J  sec.  9,  T.  62-10.    P.  42. 

358.  Fine  grained  biotite  granite.    Same  locality.    P-  43. 

359.  Biotite  syenita    Same  locality.    P.  ^. 

360.  Bedaplite.    Same  looality.    P.  42. 

361.  Fine  mioaoeoos  syenite.  S.  W.  J  sea  9,  T.  62-10,  east 
shore  of  the  Eawiehiwi  river.     P.  42. 

362.  Fine  gray  syenite.     Same  looality.     P.  42. 

363  and  364  Intermediate  between  gabbro  and  syenite.  Same 
locality.    P.  42. 

365.  Purple  porphyrit6(?).     Same  looality.     P.  43. 

366.  Dark  syenite.  Sec.  34(7),  T.  63-10,  west  shore  of  the 
Kawishiwi  river.    P.  43. 

367.  Syenite.    Same  looality.    P.  43. 

368.  Coarse  syenite.  S.  W.  i  see.  84,  T.  68-10,  west  shore  of 
the  Kawishiwi  river.    P.  43. 

369.  Ooaree  diorite.  Just  north  of  the  centre  of  sec.  26,  T. 
63-10,  south  shore  of  the  Kawishiwi  river.     Pp.  44^45. 

370.  Trap  dyke  rook.    Same  locality.    P.  46. 

371.  Fine  red  granite.     Same  looality.     P.  46. 

372.  Fine  gray  granite.     tTnst  west  ot  the  last.     P.  46. 

373.  Diorite.     Same  locality.     P.  45. 

374.  Diorite  and  granite  in  contaoL     Same  looality.     P.  45. 
376.    Coarse  diorite.    S.  W.  1  seo.  26,  south  shore  of  the  Ka- 
wishiwi river.    P.  45. 

376.  Diorite,  fine  grained.  N.  W.  i  S.  W.  i  sec  26,  T.  63-10, 
south  shore  of  the  Kawlehiwi  river.     P.  45. 

377.  Coarse  red  syenite.  S.  W.  J  8.  W.  i  sec  26,  T.  63-10, 
south  shore  of  the  Kawishiwi  river.     P.  45. 

378.  Oneiss  inolasion  in  the  syenite.     Same  locality.     P.  46. 

379.  Greenstone.  West  line  of  sec  22,  T.  63-10,  nortti  of  the 
Kawishiwi  river.     P.  45. 
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380.  Groenetona     Same  IfKsality.     P.  45. 

381.  Qaartz  porphyry.     Same  locality.     P.  46. 

382.  OreeDBtoDe.  West  line  of  see.  22,  T.  63-10,  |  mile  north 
of  the  Kawlehiwi  river,    P.  46. 

883.     Fine  graywaoke.     N.  E.  ^  N.  E.  ^  sec.  28,  T.  63-10,  nortti 

shore  of  the  Kawishiwi  river.     P.  46. 

384.     Ooareer  graywacke.     Same  locality.     P.  46, 

386.    Coarse  graywaoke.    N.  E.  ^  N.  E  ^  sea  28,  T.  63-10,  nortti 

shore  of  the  Kawishiwi  river.     P.  46. 

386.  Finer  grayvaoke;    Same  locality.    P.  46. 

387.  aneissio  syenite.  N.  E.  i  N.  E.  i  sec.  28,  T.  63-10,  port- 
age along  north  aide  of  the  EaTishiwi  river.     P.  46. 

388.  Fissile  greenstone.  N.  W.  i  N.  E.  i  Bea  28,  T.  68-10, 
portage  along  north  side  of  the  Kawishiwi  river.     F.  46. 

389  to  394.  Specimens  illostrating  passage  from  greenstone  to 
syenite.    Same  locality.    P.  47. 

396.    Finely  jointed  greenstone.    Same  locality.    P.  47. 

395A.  Sericitio  graywacke.  N.  E.  1  N.  W.  i  seo.  28,  T.  63-10, 
port^e  along  the  north  side  of  the  Eawishiwi  river.  P.  47. 

396.    Contact  of  graywacke  and  syenite.    Same  looa^ty.    P,  47. 

397  to  400.  Facies  of  the  syenite  near  the  oontaoL  Same  local- 
ity.    P,47. 

40L     Greenstone.     Same  locality.     P.  47. 

402.  Qnartz  porphyry  from  edge  of  dyke.  N,  i  N.  W.  J  boo.  28, 
T.  63-10,  north  shcwe  of  the  Eawishiwi  river.     P.  46, 

403.  The  same  from  center  of  dyke.     Same  loeolity.     P.  48. 

404.  Gray  gniess.  8.  E.  }  N.  W.  ^  sec.  28.  T.  63-10,  soath 
of  the  Kawishiwi  river.     P.  48. 

406.     Sericitio  schist     Same  locality.     P.  49, 
406  to  408.     Gray  gneiss.     Same  locality.     P.  ^. 

409.  Diorite  in  the  gneiss.     Same  loc^ty.     P.  49. 

410.  Bed  syenite.  N.  E.  J  N.  K  J  sec.  29,  T.  63-10,  north  Bhora 
of  the  Kawishiwi  river.    P.  49. 

411.  Qoartzporphyry.  N.  }  N.  E.  }  see,  39,  T.  63-10,  north 
shore  of  the  KawiBhiwi  river.    P.  49. 

4ia  Greenstone.  West  line  of  see.  21,  T.  63-10,  one-eighth 
mile  north  of  the  S.  W.  oomer  of  this  section.    P.  66. 

413.  OVay  granite  porphyry.  N.  W.  i  S.  E.  ^  boo.  20,  T.  63-10, 
west  shore  of  lake.    F.  56. 

414.  Qoartzporphyry  ( ?).  N.  W.  J  N.  E.  J  eeo.  21,  T.  63-10, 
north  shore  of  lake.    P.  66. 

416.  OreeuBtoue  near  dyke  walls.  N.  (  N.  E.  i  sec.  21,  T.  63- 
10,  eonth  shore  of  laka    P.  67. 
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416.  Qnnrtz  porphyry  at  edge  of  <fyk&    Same  locality.    P.  67. 

417.  The  same  from  center  of  dyke.    Same  locality.    P.  67. 

418.  OreeiiBtDiie.  Sonth  line  of  aeo.  16,  T.  68-10,  oovth  dure 
of  lake.     P.  67. 

419.  MagDetite  shite.  Bast  line  of  sec  16,  T.  63-10,  a  ttmrt 
distanoe  north  of  the  qoai  ter  post.    F.  66. 

430  to  422-  Sericdtio  gneitw  near  syenitB  oostaot  Near  the  mat 
line  of  aee.  38,  T  68-10,  cme-thinl  mile  aoatti  of  the  Kawiahiwi 
riTer.     P.  50. 

^3.    Qneies  and  syenite  in  contact    Same  locality.    P.  60. 

434.  Qneissic  syenite  near  tb»  contact  with  ttie  gneisB.  Same 
locality.     P.  50. 

426.  Bedeyenite.    Same  locality.    P.  60. 

428.  Serioitio  schist.  Near  the  west  line  of  sec  99,  T.  68-10. 
sooth  of  the  Kawishiwi  river.    P.  60. 

427.  Mica-sohist.     Same  locality.     P.  60. 

42a  Syenita  posphyry  (?).  N.  i  N.  W.  J  aeo.  39.  T.  68-10, 
north  of  the  Eawiahiwi  river.     P.  5L 

439  to  431.  Ch-aygnMaa.  Small  island  in  the  bay  in  the  N.W.  i 
N.  W.  i  sei^.  27,  T.  63-10,  Eawiahiwi  river.    P.  61. 

432.  Beddiah  syenite.     Same  locality.     P.  61. 

433.  Schist  inclasion  in  syenite.    Same  locality.    P.  61. 

434.  Mios-schist  from  inolosion  in  syenite.  Saet  shore  of  the 
same  bay.    P.  51. 

435     Mioa-aahiat  and  syenite  in  contact.     Same  locality.     P.  6L 

436.  Sohiatoae  syenite.  S.  E.  oomer  of  bay  in  N.  E.  i  N.  W.  I 
sec  27,  T.  68-10,  Kawishiwi  river.    P.  51. 

437.  Gneiaaio  syenite  (?).     Same  locality.     P.  61. 

438.  QneisB.     Same  locality.     P.  61. 

439.  Granite  vein  rock.    Same  locality.    P.  Kl. 

440.  Sohistoee  syenite.  N.  i  sec.  37,  T.  63-10,  n<nrth  shore  of 
the  Kawishiwi  river.    P.  53. 

441.  Chloride  syenite.    Same  looality.    P.  62. 

445.  Darfcgneiss.  N.E.1  N.  E.^sec.  27,  T.  68-10,north  shore 
of  the  £awishiwi  river.    P.  63. 

443  utd  444.  Sericitio  gneiss.  N.  W.  J  N.  W.  ^  N.  W.  i  seo.  26,. 
T.  63-10,  north  shore  of  the  Kawishiwi  river.    P.  63. 

446.  Gray  hornblende  gneiss.    Same  locality.    P.  53'. 

446.  Qneiss  and  green  inolnsion.    Same  locality.    P.  68. 

447.  Miea-sehist  N.  W.  ^  X.  W.  ^  seo.  26,  T.  63-10,  north 
shore  of  the  Kawiabiwi  river.    P.  63. 

44S.  Oreenstone  inchiaion  in  syenite.  N.  W.  ^  N.  W.  1  sea  26,. 
T.  63-10,  north  of  the  Kawishiwi  river.    P.  64. 
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449.  Sohistose  greenstone.     Same  looality.     P.  54. 

450.  Diorite.  East  shore  of  the  bay  which  is  crossed  by  the 
south  line  of  sec.  23,  T.  63-10,  Kawiehiwi  river.    P.  54. 

451.  Diorite  and  syenite  in  contact.    Same  looality.    P.  54. 

452.  Pegmatita    Same  locality.    P.  54. 

453  to  455.  Silioeone  schist  N.  E.  J  a  W.  i  sec.  24,  T.  63-10, 
portage  from  the  Kawishiwi  river  to  Triangle  lake.    P.  58. 

456.  Greenstone.    Same  looality.    P.  58. 

457.  Green  slate,  a  E.  J  N.  W.  i  see.  24,  T.  63-10,  same  port- 
age.   P.  5a 

45a  Altered  quartz  porphyry.  N.  E.  J  N.  W.  i  sec.  13,  T.  63- 
10,  sonth  side  of  small  island  in  Northwest  lake.     P.  58. 

459.  Mottled  greenstone.  N.  E.  J  N.  E.  i  sec.  13,  T.  63-10. 
north  shore  of  Northwest  lake.    P.  58. 

460.  Gabbro  and  biotite  syenite  in  oontaot  N.  W.  ^  seo.  26,  T. 
63-10,  south  shore  of  the  Kawishiwi  river.    F.  55. 

461.  Gray  syenite.    Same  locality.    P.  55. 

462.  Bed  syenite.    Same  looality.    P.  56. 

463.  Gray  syenite.    Sec.  26,  T.  63-10,  Kawishiwi  river.    P.  65. 
464  to  466.    Bock  intermediated  between  syenite  and  gabbro. 

N.  i  S.  W.  i  sec  19,  T.  62-9,  island  in  the  Kawishiwi  river.    P.  55. 

467.  Syenite.    Same  looality.     P.  55. 

468.  Gabbro.  N.  i  S.  W.  i  sec  19,  T.  63-9,  south  shore  of  the 
Kawishiwi  river.    P.  55. 

469.  Syenite.     Same  locality  as  No.  467.     P.'  56. 

470.  Book  intermediade  between  gabbro  and  syenite.  Near 
the  center  of  sec.  19,  T.  63-9,  point  on  north  side  of  the  Ka> 
wishiwi  river.    P.  65. 

471  and  472.  Greenstone.  S.  E.  i  N.  W.  i  sec  19,  T.  63-9, 
north  eliore  of  the  Kawishiwi  river.    P.  66. 

473.  Diorite.  West  line  of  sec.  20.  T.  63-9,  north  of  the 
Kawishiwi  river.    P.  56. 

SNOWBANK  lAEE  ABBA. 
474     Coarse  syenite.     Sec.  11,  T.  63-9,  portage  from  the  Ka- 
wishiwi river  to  Snowbank  lake.     P.  60. 
476.    Fine  red  syenite.     Same  locality.     P.  60. 

476.  Syenite.     Same  looality.     P.  60. 

477.  Diorite.     Same  locality.     P.  60. 

478.  Fine  syenite.    Same  looality.    P.  60. 

479.  Fine  diorite.    Same  looality.    P.  60. 

480  and  481.    Gray  porphyritic  syenite.    Same  looality.    P.  60. 
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482.  Fine  syenite.    N.  j^  N.  E.  ^  sec.  11,  T.  63-9,  west  shore  of 
Snowbank  lake.     P.  60. 

483.  Dark  red  syenite.    S.  (  8.  E.  i  seo.  2,  T.  63-9,  west  shore 
of  Snowbank  lake.     P.  60. 

484.  Gray  Syenite.     Same  locality.     P.  6a 

485.  Syenite.    N.  TV.  4  S.  E.  J  sec  3,  T.  63-9,  island  in  Snow- 
bank lake.    P.  60. 

486.  BeddiBh  syenite  vein  rock.    Same  locality.    P.  60. 

487.  Diorite.     West  line  of  sec.  36,  T.  64-9,  sonth  shore  of 
Snowbank  lake.     P.  61. 

488.  Coarse  syenite,    a  E.  ^  sec.  35,  T.  64^-9,  sonth  shore  of 
Soowbaok  lake.    P.  61. 

489.  Fine  syenite.     8.  E.  i  N.  W.  ^  sec.  35,  T.  64-9,  sonth 
shore  of  Snowbank  lake.    P.  61. 

489A.    Fine  diabase.    S.  E.  ^  S.  E.  ^  sec.  27,  T.  64r-9,  west  shore 
of  Snowbank  lake.    P.  61. 

490.  Syenite  porphyry.     Same  locality.     P.  61. 

491.  Fine  reddish  hornblende  granite.    Korth  line  of  sea  35, 
T.  64-9,  weet  shore  of  Snowbank  lake.     P.  62. 

492.  Mios-scbiet    N.  E.  ^  N.  W.  ^  sec.  35,  T.  64^-9,  vest  shore 
of  Snowbank  lake.    P.  62.      - 

493.  Oneiss.    Same  locality.    F.  62. 

494  and  495.     Gneiss  near  granite  contact    Same  locality.   P.  62. 

496.  OneisB  and  granite  in  oootaot     Same  locality.     P.  62. 

497.  Syenite  porphyry,     a  B.  J  S.  W.  J  sec.  26,  T.  64-9,  west 
shore  of  Snowbank  lake.     P.  Qi. 

498.  Hornblende  granite,    a  E.  i  a  W.  J  sec.  26,  T.  64-9,  is- 
land in  Snowbank  lake.     P.  63. 

499.  Gray  biotite  gneiss.    S.  E,  J  8.  W.  J  sec.  26,  T.  64-9,  went 
shore  of  Snowbank  lake.    P.  64. 

500.  Syenite  porphyry  from  centre  of  dyke.     Same  locality. 
P.  64 

501.  The  same  from  edge  of  dyke.    Same  locality.    P.  64 

502.  Hard  green  schist.    N.  W.  i  S.  W.  J  seo.  26,  T.  ■64-9,  west 
ehore  of  Snowbank  lake.     P.  65. 

502A.     Gneiss  from  pebble  in  the  schist.    Sadie  locality.    P.  65. 

503.  Fine  hornblende  granite.    Same  locality.    P.  65. 

504     Porphyrite.     N.  W.  i  8.  W.  i  sec.  26,  T.  64-9,  west  shore 
of  Snowbank  like.    F.  66. 

505.  Schistose  condition  of  the  same.     Same  locality.     P.  65. 

506.  Fine  syenite  dyke  rook.    Same  locality.    P.  65. 

507.  Mottled  diorite.    S.  W.  i  N.  E.  J  sec.  26,  T.  64^9,  west 
shore  of  Snowbank  lsk&    P.  65. 
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508.  Greenstone.  Same  locality.    P.  65. 

509.  ited  syeDita  Same  looality.    F.  65. 

510.  Qreenetone.  Same  locality.    P.  65. 

511.  Mica-Bohist.  X.  E.  ^  sec.  26,  T.  64-9,  west  shore  of  Sdov- 
ba&klake.    P.  65. 

612.  Qreen  sohiet    Same  locality.    F.  65. 

613.  Hornblende  granite.    Same  locality.    P.  66. 

SI^  Qraywacke.  Near  the  north  line  of  sec.  26,  T.  64r-9,  weat 
shore  of  Snowbank  lake.    P.  66. 

515.  Siliceoos  Bohist.  a  E.  ^  S.  K  ^  sec.  23,  T.  64-9,  west  shore 
of  Snowbank  lake.    P.  66. 

516.  Qreen  sohist.    Sec.  24,  T.  64-9,  north  shore  of  Snowbank  ' 
lake.    P.  66. 

617.  Silioeons  sohist    Same  locality.    P.  66. 

618.  Hornblende  granite.  East  line  of  sec.  24,  T.  64-9,  north 
shore  of  Snowbank  lake.     P.  66. 

519.  Contact  of  Bohist  and  granite.     Same  locality.     F.  66. 

520.  Siliceoos  mica-schist  near  granite  oontact.  Same  locality. 
P.  66. 

621.  Fine  dark  syenite.    Same  locality.    F.  66. 

622.  Syeni^.  N.  E.  i  S.  W.  i  seo.  19,  T.  64-8,  island  in  Snow- 
bank lake.    P.  66. 

523.  Light  gray  syenite.  N.  W.  ^  R  W.  i  sec.  29,  T.  64-8,  east 
shore  of  Snowbank  lake.    P.  66. 

624  Coarse  biotitio  syenite.  Near  sonth  line  of  sec  30,  T.  64-8, 
east  shore  of  the  largest  island  in  Snowbank  lake.    P.  67. 

525.  Biotite  gneiss.  \.  W.  ^  N.  E.  J  sec.  31,  T.  64-8,  south 
end  of  island  in  Snowbank  lake.    P.  67. 

526.  Reddish  syenite.  N.  E.  i  sec.  1,  T.  63-9,  portage  from 
Snowbank  to  Bound  lake.     F.  67. 

627.  Mica-Bchiat  cat  by  syenite  veins.  N.  E.  ^  8.  E.  ^  sec.  1, 
T.  63-9,  north  shore  of  Bonnd  lake.     P.  67. 

528  and  529.  GneisB.  N.  E.  ^  S.  E  i.  see.  1,  T.  63-9,  weet  shore 
of  Bonnd  lake.     F.  67. 

630.    Fine  red  syenite.    Same  locality.    P.  67. 

631  and  532.    OneisB.    Same  locality.    P.  67. 

533.  Brown  syenite  (?).  N.  E.  i  N.  W.  i  seo.  7,  T.  63-8,  sonth 
-  shore  of  Bonnd  lake.    P.  67. 

534.  Fine  red  syenite.  E.  ^  see.  6,  T.  63-8,  eastshore  of  Bound 
lake.    P.  68. 

535.  Syenite  and  fine  gabbro(?)  in  contact.  X.  W.  i  N.  E.  i 
seo.  7,  T.  63-8,  sonth  shore  of  Botmd  lake.    P.  68. 

536.  Fiuegabbro(?).    Same  locality.    P.  6a 
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537.  aabbro.    Sune  locality.    F.  68. 

538.  Gray  syeQite(?).  8.  ^  S.  W.  i  sec.  32,  T.  64r-8,  portage 
betweeo  DisapDointmeDt  and  Snowbank  lakes.  F.  68.  [Note: 
No.  539,  on  p.  68,  should  be  Na  538.] 

539.  Fine  red  syenite.    Same  locality.    F.  69. 

SEEEQUABIO  LAKE  ABBA. 

540.  Soft  green  biotite  eohist.  N.  £.  i  K.  W.  i  sec.  11,  T.  64-7, 
portage  south  of  Kekeqaabic  lake.    P.  69. 

541.  Fine  gabbro(?).  W.  J  sec.  11,  T.  64^7,  west  end  of  River 
lake.    F.  69. 

642.  Finer  facies  of  the  same.  N.  E.  ^  S.  E.  ^  sec.  11,  T.  64r-7, 
portage  from  Biver  to  Shoofly  lake.     F.  69. 

643.  Streaks  of  biotite  in  the  same.  S.  E.  i  N.  W.  i  sec.  11,  T. 
6^7,  River  lake.     P.  69. 

544  Oreenstone  from  the  fine  gabbro  (?).  8.  E.  i  N.  W.  i  seo. 
11,  T.  64-7,  River  laka    P.  69. 

546.  Fragmeute  of  syenite  in  the  fine  gabbro  (?).  Same  local- 
ity.   P.  69. 

546.  Gray  syenite.  N.  E.  i  S.  W.  i  sec.  11,  T.  6^7,  soatb  shore 
of  River  lake.    P.  69. 

547.  PinebioKtiogabbro(?).  S.  E.  i  N.  W.  i  sec.  U,  T.  64-7, 
east  shore  of  River  lake.     P.  70. 

548.  -  Fine  gray  gabbro  (?):     Same  locality.     P.  70. 

549.  Pyroxene  granite.  8.  E.  i  S.  W.  i  sec.  2,  T.  64-7,  aonth 
shore  of  Kekeqnabic  lake.    F.  70. 

550.  I>iorit©(?).  8.  E,  i  S.  W.  i  sec  3,  T.  64-7,  south  shore  of 
Eekeqnabio  lake.    P.  71. 

551.  Porphyritio  pyroxene  granite.  S.  W.  i  S.  W.  i  sec.  3,  T. 
64-7,  sonth  shore  of  Kekeqnabic  lake.    P.  71. 

562.    Hardened  black  slate.    Same  locality.    P.  71. 
553.    Pyroxene  granite.    S.  W.  i  N.  W.  i  sec.  3,  T.  64-7,  west 
shore  of  Kekeqnabic  lake.    P.  71. 

564.     Contact  of  diorite  and  granite.     Same  locality.  'P.  71. 

655.  Diorite.     Same  locality.     F.  71. 

656.  Pyroxene  granite.     Same  locality.     P.  72. 

567.    Finer  facies  of  the  same.    Same  locality.    P.  72. 

558.  Granite  porphyry  {'?).  S.  W.  i  N.  W.  i  sec.  3.  T.  64-7, 
email  island  in  Kekeqnabic  lake.    P.  72. 

559.  Black  argillyte.    Same  locality.    F.  72. 

560.  Granite  porphyry.    Same  locality.    P.  72. 

561.  Coarse  diorite.  S.  W.  ^  N.  W.  J  sec.  3,  T.  64-7,  small  is- 
land in  Kekeqnabic  lake.    P.  73. 
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563.    Finer  diorite.    Same  locality.    P.  73. 

563.  Spotted  black  argillyte.  a  W.  1  N.  W.  J  sec  3.  T.  64^7, 
west  shore  of  Kekeqnabio  lake.    P.  73. 

661  Green  echiBt  S.  E.  J  N.  W.  J  eec.  4,  T.  64^7,  west  shore 
of  Kekeqnabio  lake.     P.  73. 

566.  Fine  pyroxeDe  granita  S.  B.  J  N.  W.  i  seo.  3,  T.  64r-7. 
small  island  in  Kekeqnabio  lake.    P.  73. 

566.  Coarser  pyroxene  granite.  Another  island  in  the  same  ^ 
Mction.     P.  73. 

567.  Fine  dark  fades  of  the  granite  (?).  S.  W.  ^  N.  E.  ^  see.  3, 
1.  64-7,  north  shore  of  largest  island  in  Kekeqnabio  lake.     P.  73. 

566.     Black  slate  in  the  granite.    Same  locality.     P.  73. 

569.  Chloritio  oonglomerate.  N.  E.  1  N.  W.  J  seo.  11,  T.  64-7, 
east  shore  of  Kekeqnabio  lake.     P.  73. 

570.  Green  schist.    Same  locality.    P.  74. 

57L  Fine  pyroxene  granite.  S.  W.  J  S.  E.  J  seo.  2,  T.  64-7, 
jost  east  of  Kekeqnabio  lake.     P,  74. 

572.  Indnsion  in  the  granite.    Same  locality.    P.  74. 

573.  Porphyritio  pyroxene  granite.  N.  W.  J  N.  W.  J  sec.  2,  T. 
64-7,  small  island  in  Kekeqnabio  lake.     F.  74. 

574.  Mica  diorite  ( ?).     Same  looality.    P.  74. 

575.  Contact  of  the  last  two.    Same  locality.     P.  74. 

•  576.  Fine  pyroxene  granite.  S.  W.  J  S.  E.  i  sec.  35,  T.  65-7, 
south  shore  of  Kekeqnabio  lake.    P.  74. 

577.  Pyroxene  granite  porphyry.  8.  E.  i  8.  E.  J  sec.  35,  T- 
65-7,  south  ahore  of  Kekegnabic  lake.     P.  74. 

578.  Pnrple  granite  porphyry.    Same  looality.     P.  74. 

579.  Fine  pyroxene  granite.  8.  E.  i  a  W.  i  seo.  36,  T.  65-7, 
jost  aontb  of  Kekeqnsbic  lake.    P.  75. 

580.  Granite  porphyry  at  contact  with  oonglomerate.  S.  ^  N. 
£.  1  sec  36,  T.  65-7,  sonth  shore  of  Kekeqnabio  lake.     F.  76. 

581.  Conglomerate  at  contact  with  granite  porphyry.  Same 
looaUty.    P.  75. 

582.  Granite  porphyry.     Same  locality.     P.  75.   , 

583.  Granite  porphyry  carrying  biotite.  N.  ^8,  W.  i  sea  36, 
T.  65-7,  Stacy  island,  Kekeqnatic  lake.    P.  76. 

584.  Fine  diabase.  S.  E.  ^  N.  E.  ^  sec  36,  T.  66-7,  northeast 
shore  of  small  lake.    P.  81. 

585.  Granite  porphyry.    Same  locality.    F.  81. 

586.  Granite  porphyry.    Same  looality.    P.  81. 

587.  The  eame  from  contact  with  diabase.   Same  locality.    P.  81. 

588.  Granite  porphyry.  R  E.  i  N.  E.  i  sec.  36,  T.  65-7,  north 
shore  of  small  lake.    P.  8L 
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589.  Fine  pyroxene  granite.    N.  W.  ^  a  E.  i  sea  36,  T.  65-7. 
west  shore  of  Bmall  lake.     P.  81. 

590.  Fine  pyroxene  granite.      A   short  distance  eonth  of  the 
lasi    P.  81. 

591.  Gray  granite  porphyry.    N.  E.  J  S.  E.  J  sec  36,  T.  65-7, 
sooth  shore  of  small  lake.    P.  82. 

592.  Inolosion  in  granite  porphyry.    N.  G.  ^  8.  E.  ^  see.  36,  T. 
65-7,  east  shore  of  small  lake.    P.  82. 

593.  Metamorphosed  eonglomerate.    8.  W.  ^  N.  W.  ^  sec.  31, 
T.  65-6,  sonth  shore  of  Eekeqaabio  lake.     P.  76. 

594.  Metamorpoeed  oonelomerate.    N.  E.  ^  S.  W.  ^  sea  31,  T. 
66-6,  Boath  shore  of  Kekeqnabic  lake.     P.  76. 

594A.     Pebbles  from  the  same.     Same  locality.    P.  76. 

595.  Metamorphosed  oonglomerate.     B.  E.  ^  K.  E.  1  sec.  31,  T. 
65-6,  south  shore  of  Eekeqaabio  lake.     P.  76. 

696.  ,  Granite  porphyry.    E.  4  8.  E.  ^  N.  E.  J  seo.  31,  T.  65-6, 
Booth  Bhore  of  Kekeqnabio  lake.    P.  77. 

697.  Granite  porphyry  at  contact  with  diabase.    Same  locality. 
P.  77. 

698.  Fine  diabase  at  contact  with  granite  porphyry.     8ame 
locality.     P.  77. 

599.  Fine  diabase.    Same  locality.    P.  77. 

600.  Coarser  condition  of  the  same.    Same  locality.     P.  77. 
601  to  616.    Specimens  showing  gradations  from  a  gray  state  (?) 

to  the  pyroxene  granite.    8.  W.  ^  N.  W  i  sec  3,  T.  64r-7,  west  ebore 
of  Eekeqnabic  lake.    P.  72. 

616.  Granite  porphyry.    W.  i  N.  E.  J  N.  W.  i  sec.  31,  T.  65-6, 
north  shore  of  Kekeqaabio  lake.     P.  77. 

617.  Granite  porphyry  near  contact  with  greenstone.     Same 
locality.     P.  77. 

618.  Greenstone  near  oontact  with  granite  porphyry.      Same 
locality.     P.  77. 

619.  Greenstone.     Same  locality.     P.  77. 

620.  IndRsion  in  granite  porphyry.     Same  locality.     P,  77. 

621.  Granite  porphyry.    8.  W.  i  8.  W.  i  boo.  29.  T.  65-6,  north 
shore  of  Eekeqnabic  lake,    F.  77. 

621A,  621B  and  6210.    InoluBions  in  granite  porphyry.    N.  W.  i 
N.  W.  i  Bee.  32,  T.  66-6,  north  shore  of  Kek.qoabio  lake.    P.  77. 

622.  Porple  slate.    K.  E.  i  S  W.  i  sec.  36,  T.  66-7,  sooth  shore 
of  Eekeqoabic  lake.    P.  78. 

623.  Pyroxene  granite.    Same  locality.     P.  7H. 

624.  Pyroxene  granite  at  contact  with  porple  slate.      Same 
locality.    P.  78. 
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625.  Parple  slate  at  oontaot  with  grsDite.   Same  locality.   P.  78. 

626.  Hardened  slate  (?).    Same  looallty.    P.  78. 

627.  Gray  slate.    Same  locality.    P.  78. 

628.  QraDite  porphyry  at  oontaot  with  greeoBtone.    N.  E.  i  K, 
E.  i  see  36,  T.  65-7,  north  shore  of  Eekeqaabic  lake.    P.  78. 

629.  Granite  (wrphyry.    Same  locality.    P.  78. 

630.  Metamorphoaed  conglomerate.  .  N.  W.  i  S.  E.  i  eec.  31,  T. 
6&-6,  south  of  Eekeqnabio  lake.     P.  79. 

631.  Black  slate.    N.  W.  i  S.  E.  i  sea  31,  T.  66-6,  aonth  of 
Kekeqnabic  lake.    P.  79. 

632.  Grit    8.  W.  i  S.  E.  i  see.  31.  T.  65-6.    P.  79. 

633.  Grit  and  slate  inteibanded.    Same  locality.    P.  79. 
634    Grit    H.  W.  JN.  E.iseo.6,  T.  64r-6.    P.  79. 

635.  Grit    8.  W.  i  S.  E.  i  see.  6.  T.  64-6.    P.  79. 

636.  Granite  porphyry  (?).    a  W.  i  K.  E.  i  see.  7,  T.  64r-6. 
P.  80. 

637.  Green  conglomerate.    N.  E.  i  8.  W.  i  sec.  7,  T.  64-6,  north 
of  small  lake.    P.  80. 

638.  Crystalline  conglomerate.    S.  E  i  8.  W.  i  sfeo.  7,  T.  64r-6, 
jost  north  of  small  lake.    P.  80. 

639.  Gabbro.    S.  i  a  E.  i  sec.  7,  T.  64-6,  east  shore  of  small 
lake.    P.  80. 

640.  Porphyritio  ( ?)  conglomerate.    8.  E.  1  8.  E.  i  sec  29,  T. 
65-6,  east  end  of  portage.    P.  82. 

641.  Green  conglomerate.    Same  locality.    P.  82. 

642.  Metamorphosed  grit(?).    8.  W.  i  S.  W.  i  sec  26,  T.  65-6, 
east  shore  of  small  lake.     F.  82. 

643.  Fine  diabase.    Same  locality.    P.  82. 

644    Metamorphosed  grit('f')  at  contact  with  diabase.     Same 
locality.    P.  82. 

Saoamaqa  labe  area. 

645.  Coarse  gray  granile,    N.  E.  i  N.  W.  i  sec.  17,  T.  65-6, 
West  Sea  Gall  lake.     P.  83.  . 

646.  Beoayed  granite.    Same  looality.    P.  83. 

647.  Coarse  granite.    N.  E.  i  N.  E.  i  sea  17.  T.  65^.    P.  83. 

648.  Green  slate.    N.  W.  i  N.E.  i  sec.  17,  T.  65-5,  sonth  shore 
of  West  Sea  Gull  lake.     P.  83. 

649.  Coarse  granite  vein  rook.    Same  looality.    P.  83. 

650.  Fine  reddish  granite  vein  rock.    Same  looality.    P.  83. 

651.  Greenstone.    N.  E.  ^  N.  W.  i  sea  17,  T.  65-5,  south  shore 
of  West  Sea  Gall  lake.    P.  83. 

652.  Diabase.    Same  locality.    P.  83. 
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653.  Fine  gr*ywacke.  S.  W.  i  8.  W.  i  sec.  8,  T.  65-5,  west 
Bhore  of  West  Sea  Gall  lake.    P.  84. 

654.  OgiBbke  Mancie  oonglomeratu.  N.  W.  i  S.  W.  i  sec  8, 
T.  65-5,  west  shore  of  West  Sea  Gall  lake^     F.  84 

665.  Granite.  N.  E.  i  S.  E.  i  sec.  7,  T.  65-5,  ioat  weet  of  West 
Sea  Gall  lake.    F.  84.  * 

656.  Ogishke  Manoie  conglomerate  at  contact  with  granite. 
N.  W.  i  N.  E.  i  8.  E.  i  sec!  8,  T.  65-5.    P.  84. 

667.  Granite  at  contact  with  conglomerate.  Same  locality. 
P.  84. 

667A.     Granite.     Same  locality.     F.  84 

658.  Matrix  of  conglomerate.     Same  locality.     P.  84 

659.  Fine  green  matrix  of  conglomerate.     Same  locality.     P.  86. 

660.  Pnrple  porphyrite  (P)  at  contact  with  granite.  N.  ^  8. 
W.  i  K.  W.  i  eeo.  6,  T.  65-6,  west  shore  of  West  Sea  Gnll  lake. 
P.  85. 

661.  Pnrple  porphyrite  <?).     Same  locality.     P.  85. 

662.  Diabase  from  dyke.  N.  W.  ^  S.  W.  i  sec  6,  T.  66-5,  west 
shore  of  West* Sea  Gall  laka     P.  85. 

663.  Green  slate.    E.  4  N.  E.  i  S.  E.  J  sec.  6,  T.  65-6.  P.  85. 
664    Grit    Same  locality.    P.  86. 

665.  Granite.  W.  i  N.  W.  i  N.  W.  J  sec.  8,  T.  65-6,  west  shore 
of  small  lake.     P.  86. 

666.  Decayed  granite.  W.  J  N.  W.  J  N.  W.  J  sec.  8,  T.  65-5, 
jnst  west  of  small  lake.    F.  86. 

667.  Decayed  granite.    Same  locality.    P.  87. 

668.  Decayed  granite  (?).    Same  locality.    P.  87. 

669.  Hardened  mica-schist.  E.  J  a  E.  J  N.  E.  J  sec.  17,  T. 
65-6,  west  shore  of  small  lake.    P.  87. 

670.  Green  silioeons  schist.  S.  J  S.  W.  i  N.  W.  i  sec  16,  T. 
65-5,  south  shore  of  small  lake,    F.  87. 

671.  Decayed  granite.  West  line  of  sec.  16,  T.  65-5,  south 
shore  of  Sea  Gull  lake.     P.  88. 

672.  Fine  gray  granite.  West  line  of  sec.  15,  T.  66-6,  just 
north  of  the  soathwest  corner  of  this  section.     P.  88. 

673.  Mica-schist.  West  line  of  sec  22,  T.  65-6,  jnst  south  of 
the  northwest  corner  of  this  section.    P.  88. 

674     Quartz  porphyry.     Same  locality.     P.  88. 

675.  Typical  hornblende  granite.  S.  W.  J  S.  E.  J  sec.  8,  . 
65-5,  east  shore  of  small  island  in  West  Sea  Gull  lake.    P.  86. 

676.  Gray  flnorite  granite.  S.  E.  J  N.  W.  ^  sec  14,  T.  6&-5, 
ieland  in  Saganaga  lake.     F,  89. 

677  and  678.    Bed  fluorite  granite.    Same  locality.    P.  89. 
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679  and  690.  Altered  granite.  N.  E.  i  N.  W.  J  sec.  14,  T.  66-5, 
eoath  shore  oE  island  in  Ssganaga  lake.    P.  89. 

68L  Red  aplite  at  oonUot  wiUi  granite.  &  E.  ^  8.  E.  J  sec.  8, 
X.  66-5,  island  in  Saganaga  lake.    P.  89. 

682.  Bed  aplitft    Same  locality.    P.  89. 

683.  Coarse  hornblende  granite.  S.  ^  &  £.  1  aeo.  18,  T.  66-6, 
island  in  Saganaga  lake.    P.  90. 

684.  Altered  granite,  a  E.  i  N.  K  J  8.  E.  i  see.  18,  T.  66-5, 
eoath  shore  of  Saganaga  lake.    P.  90. 

686.  Altered  granite.  8.  W.  i  S.  E.  J  see.  18,  T.  66-5,  soath 
shore  of  Saganaga  lake.    P.  90. 

686.  Typical  coarse  hornblende  granite.  8.  W.  ^  N.  E.  J  sec. 
•22,  T,  66-5,  west  shore  Saganaga  lake.     P.  88. 

687.  Altered  granite.  West  line  of  sec.  19,  T.  66-5.  sonth  shore 
of  Saganaga  lake.     P.  90. 

688.  Green  altered  granite.  Casadian  shore,  jnst  north  of  the 
last    P.  90. 

689.  Weathered  condition  of  the  same.    Some  locality.    P.  90. 

690.  Altered  granite.  E.  4  N.  E.  J  8.  E.  J  sea  24.  T.  66-6, 
east  shore  of  bay  of  Saganaga  lake.    P.  90. 

691.  Oray  slate.    Same  locality.    P.  90. 

692  to  694.    Altered  granite.    Same  locality.     Pp.  90,  91. 

695.  Graywacke.    Same  locality.    P.  91. 

696.  I>rab  fissile  slate.    Same  locality.    P.  91. 

697.  Green  slate.  8.  E.  ^  K.  E.  ^  sec.  25.  T.  6&~6,  west  shore 
of  Wind  lake.    P.  93. 

698.  Graywacke.    Some  locality.    P.  93. 

699.  Grit.    Seme  locality.    P.  93. 

700.  Graywacke.  N.  E.  i  S.  E.  J  sec.  25,  T.  66-6,  west  shore  of 
Wind  lake.    P.  93. 

701.  Slate  showing  discordance  of  laminaticc  and  slaty  cleavage. 
8.  E.i  a  W.  i  S.  W.  i  sec  30,  T.  66-6,  jast  east  of  Wind  lake. 
P.  93. 

702.  Altered  granite.  E.  i  N.  W.  ^  sec.  30,  T.  66-5,  east  shore 
of  Wind  lake.     P.  94. 

703.  Brown  fissile  slate.     Same  locality.     P.  94. 

704.  Coarse  condition  of  the  same.    Same  locality.    P.  94. 
705  to  707.    Altered  granite  ( ?).    8.  W.  J  8.  W.  J  S.  W.  jTsec. 

19,  T.  C5-5,  north  shore  of  Wind  lake.     P.  94. 

705.  Orit.    Same  locality.    P.  94. 

709.  Grit  (?).    Same  locality.    P.  91 

710.  Brown  fisaile  slate.    Same  locality.    P.  94. 
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711.  Grit.  8.  E.  i  8.  W.  J  8.  W.  i  sec.  24,  T.  66-6,  inst  norUi- 
veet  of  Wind  lake.     F.  94. 

712  to  716.  Speoimens  ehowiDg  gradation  from  the  altered 
granite  to  the  ordinary  granite.  N.  W.  i  see,  30,  T.  66-5,  east  of 
Wind  lake.    P.  95. 

717  to  726.  Specimens  showing  gradation  from  the  altered 
granite  to  the  ordinary  fresh  granite.  N.  W.  i  S.  W.  i  aec.  19,  T. 
66-^,  south  shore  of  Saganaga  lake.  -  P.  92. 

726.  Qreenstone  inolosion  in  granite.    Same  locality.    F.  92. 

727.  Altered  granite  ( ?).  E.  J  8.  E.  i  aec.  24,  T.  66-6,  east 
shore  of  bay  of  Sagan^a  lake.    P.  91. 

.    728.    Grsywacke.    Same  locality.    P.  91. 

729  to  732.    Orit.    Same  locality.    Pp.  91,  92. 

733.  Altered  granite.  8.  E.  i  N.  E.  i  sec.  24,  T.  66-6,  portage 
from  Saganaga  lake  to  Oak  lake.    P.  92. 

784.  Altered  granite  (?).  Sec,  24,  T.  66-6,  south  shore  of  Oak 
lake.    P.  92. 
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THE  ME8ABI  IRON  RANGE. 


Dl8CX>TBBX  OF  THE  ObE. 

On  the  sizteentfa  day  of  NoTMober,  1890,  workmen  under  the 
direotion  ot  Capt.  J.  A.  Kiohols,  of  Dolnth,  UinneBoia,  enooontered 
aoft  hematite  id  a  test-pit  on  the  northwest  quarter  ci  section  three, 
township  fifty-eight,  range  eighteen,  west  of  the  Eoorth  prinoipat 
meridian.  This  mine,  now  oailed  the  Moontain  Iron,  was  the  first 
body  of  soft  ore  disoovered  on  the  Mesabi  iron  ranga  Hard  ore, 
<diiefiy  magnetio,  had  been  known  for  many  yean-oa  the  Mesabi, 
and  explorations  made  by  Mi.  E.  W.  Griffin,  ot  MinneApolia,  near 
the  falls  of  Prairie  river  in  townships  66-24  and  6f>-25,  had  revealed 
some  hard  hematite  interbedded  with  qoartzybe  and  low  grade  soft 
ore.  'This,  however,  was  the  first  merchantable  deposit  of  hematite 
foond  on  the  new  range.  Capt  Nichols  had  been  doing  more  at 
less  exploring  work  along  the  range  for  some  two  yosrs  prior  to 
this  disoovery.  The  Merritt  brothers,  of  Dnlath  and  Oneota,  ware 
not  to  be  disconraged  by  the  reports  of  explorers  and  miners  added 
to  tboee  of  experts  and  geologists  who  had  oondemaed  the  range 
ever  since  1676.  To  these  Balath  pioneera  the  Mesabi  was  ah  at- 
traotive  and  promising  district  and  their  faith  in  it  was  never 
shaken,  even  thongh  their  ready  cash  was  spent  vainly  and  two 
years'  searching  remained  nnrewarded.  To  them  belongs  the 
credit  for  persisting  in  the  hant  for  ore  and  the  final  disoovery  of 
it,  and  to  them  rightfully  and  properly  have  large  rewards  already 
been  granted. 

What  Eablt  Eipiabbbs  Has  Said. 

The  Mesabi  range  attracted  attention  to  its  iron  belt  as  early  as 
1875,  and  several  iron  experts  of  good  repute  were  bent  to  examine 
the  varions  oatcrops  ot  ore  known  at  that  time.  The  jonrDcy  was 
an  ardnoos  one  into  a  dense  wildemesB,  and  there  is  no  wonder 
they  did  no  test-pitting  or  drilling.  They  were  sent  to  examine 
oatoTops  which  they  properly  enongb  condemned,  for  the  only  iron 
to  be  seen  was  in  thin  strata  of  magnetite  banded  with  jaspery 
qnartzyte,  nnder  which,  in  Eome  places,  coold  be  seen  the  rocks  ot 
the  Arahean. 
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'  Profeeaor  A,  H.  Ohester,  of  Hamilton,  N.  T.,  was  one  vho  Tisited 
the  Meeabi  in  1875.  HiB  aoooant  of  the  ores  and  rooks  there  ma; 
be  foand  in  the  eleveoth  annual  report  of  the  Minnesota  geolc^cal 
Borvey,  pages  154  to  167. 

Capt.  A.  F.  Wood  and  others  were  sent  to  the  rery  property  now 
owned  by  the  Mountain  Iron  Company,  sbont  eight  years  affo,  and 
seeing  nothing  but  the  lean  ontorope  mentioned  above  reported 
adversely  on  it 

In  faot  the  opinion  of  these  early  explorers  was  nnanimonsly  un- 
favorable to  the  range.  Some  of  them  fonnd  the  titaniferoos  ore  of 
the  gabbro  and  drew  the  hasty  oonolnsion  that  all  the  ores  on  the  range 
woold  be  worthless  on  acooont  of  titanium.  The  impreBBion  gained 
ground  after  the  mines  on  the  Yermilion  range  were  opened  tiiat 
there  was  no  ore  worth  mining  on  the  Mesabi.  beoaoBe  it  oonsisted 
of  nearly  horizontal  strata,  or,  in  miner's  parlance,  wsb  a  "blanket 
formation."  The  ore  deposits  in  the  ranges  on  the  south  shore  erf 
lake  Superior  are  all  inolined  at  high  angles,  and  a  flat  deposit  of 
ore  of  any  considerable  parity  and  thickneBB  was  unknown  in  this 
oountry.  In  spite  of  all  this  unfavorable  opinion  on  the  part  of 
thoee  who  sboold  be  competent  to  judge,  and  against  the  advice  of 
their  fhendB,  the  Merritts  continued  to  look  for  outcrops  and  dig 
holes  in  the  ground,  and  never  ceased  to  dream  of  hidden  stores  of 
iron  treasure. 

It  should  here  be  stated  that  the  opinion  of  the  State  Geologist 
and  his  assiBtants  was  again  and  again  expressed  in  oonverBation 
and  put  on  record  in  varions  reports  to  the  effeat  that  the  Mesabi 
was  likely  to  yield  large  quantities  of  good  ore.  It  was  shown  by 
diagrams  that  the  formation,  although  a  flat  one,  did  contain  good 
ore,  and  it  was  indicated  where  the  ore  wonld  oooor  in  relation  to , 
the  other  rocks  of  the  range.  The  order  of  stratification  was 
studied  and  explained  two  or  three  years  before  any  ore  was  dis- 
covered, and  finally  we  even  went  so  far  as  to  hazard  the  prediction 
that  the  Mesabi  range  was  likely  to  produce  more  ore  even  than 
the  Penokee-Gogebic* 

This  and  many  other  statements  of  similar  import  put  the  geol- 
c^oal  survey  on  record  as  favoring  the  Mesabi,  against  the  opinion 
of  nearly  all  the  actual  mine  operators  and  scientists  who  had  ex- 
amined it 

If  the  geology  of  the  range  as  it  was  described  in  the  annual  re- 
ports of  1887  and  1888  were  better  understood  by  the  explorers  on 
the  range  at  the  present  time  there  would  be  fewer  test-pits  sunk 
in  greenstone,  granite  and  quartzyte  and  more  dollars  in  the  pock- 
ets of  those  who  are  still  vainly  searching  for  ore. 

•BiiUeUnNo.Ml.iao.  , 
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It  IB  not  the  proTinoe  o£  the  Btate  geological  Borrey  to  fiod  iron 
minaB;  that  is  the  basiness  of  the  explorer.  A  geologist's  daty  is 
by  Btady  and  obeervation  to  indicate  the  proper  conditione  for  ore 
depoeite  and  the  geographic  limits  of  the  tormBtiona  in  which 
those  conditioDB  may  exist  The  intelligent  and  onbigoted  ex- 
plorer will  aesimilate  these  ideas  and  apply  them  in  disoovaring 
the  storeeof  hidden  wealth.  The  work  of  sinkiag  test -pits  is  work 
of  exploration,  not  geological  work.  As  Boon  as  a  geologist  begins 
to  apply  his  ideas  and  dig  holes  he  becomes  an  explorer,  and  in 
that  work  is  a  geologist  no  longer.  We  confess  that  we  take  con- 
siderable pride  in  the  fact  that  onr  predictions  in  regard  to  the 
Meeabi  are  now  in  each  rapid  process  of  fulfillment 

There  are  several  prominent  citizens  of  Dnlnth  snd  others  who 
took  an  early  intereet  in  the  Meeabi  and  assisted  largely  in  its 
rapid  derelopment.  It  is  dne  to  their  ener^  and  oonfidence  in 
the  new  range  that  there  has  been  began  the  exploitation  of  the 
greatest  iron  range  in  the  world,  in  the  meet  wonderfully  rapid  and 
nnpreoedented  fashion.  Among  these  pioneers  of  development 
shonld  be  mentioned  jndge  J.  T.  Hale  and  his  partner,  E.  C.  Grid- 
ley;  A.  K.  Humphrey,  Geo,  E.  MiII^;an  and  others  in  the  firm  of 
A.  E.  Humphrey  &  Co.,  who  nndoabtedly  were  engaged  in  the 
largest  transaotione  eonsammated  on  the  range  doring  the  first 
year  of  its  discovery,  and  whose  exertions  have  reetdted  in  the 
most  extensive  discoveries,  perhaps  several  years  in  advance  of  the 
natural  process  of  development;  Frank  Hibbing,  A.  J.  Trimble, 
James  Billinf{s,  John,  William  and  Duncan  MoKinley,  D.  T.  Adams, 
J.  T.  James,  Hdn.  O.  D.  Kinney,  Joseph  Sellwood,  J.  G.  Cohoe,  P. 
L.  £imberley,  J.  T.  Jones,  J.  A.  CrowelI,James  Sheridan, and  many 
others  whose  names  are  not  now  recalled.  Judge  Hale,  especially, 
through  the  obaervations  of  John  McCaskill  and  B.  T.  Hale,  began 
exploration  work  in  a  systematic  and  thorough  manner.  MoCaskill's 
keen  eye  discovered  ore  dinging  to  the  roots  of  an  upturned 
tree  on  the  Oincinnati  property,  and  by  tracing  ont  from  there  the 
approximate  oonrse  of  the  green  schist  ridges  enabled  judge 
Hale  and  his  coHperators  to  early  select  and  secure  posseeeion  of 
some  of  the  best  lands  in  58-16.  The  value  of  clear  and  accarate 
observation  and  shrewd  dtduotion  from  the  facts  observed,  as  to 
the  best  location  for  iron  ore  deposits  and  the  situations  in  which 
they  were  moat  likely  to  occur,  was  soon  made  apparent  on  this 
range.  Those  who  selected  lands  by  ohanoe,  even  though  they 
pnrohaeed  whole  sections,  did  not  get  as  mnch  iron  ore  as  those 
who  applied  what  knowledge  was  to  be  obtained  in  the  selection  of 
promising  pieces.    The  diffionlties  of  becoming  acquainted  with 
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snob  a  wilderness  and  the  new  oooditioiis  to  be  met  with,  are  iD> 
oom[»eheDsible  to  one  not  familiar  with  the  region,  and  form  some 
exeoM  tor  the  grrat  waste  of  money  in  the  basring  of  lands  and 
working  them  dnriog  the  earlier  months.  Travel  was  perforce  on 
foot,  and  anppliea  were  carried  on  men's  backs  throogh  awaups 
and  dense  forests  for  many  weary  miles.  The  range  of  vision  is 
limited  in  the  boshes,  and  the  mantle  of  glaoiat  drift  oonoeals  the 
rooks,  especially  the  flat  formations  of  the  Mesabi.  It  is  no 
wonder  then  that  a  narrow  belt  c^  we  ahonld  remain  nndisoovered 
for  BO  many  years  in  the  vast  region  siretobing  between  Dolath 
and  the  Giant's  range.  Few  explorers  were  hardy  and  persistent 
enough  to  spend  the  time  and  nndergo  the  hardships  involTed  in  a 
long  search  for  ore  on  the  moch-oondemned  range.  Even  after 
the  diaoovery  of  luge  deposits  of  fine  ore  it  is  a  matter  of  great 
diffioolty  and  expense  to  take  men  and  sapplies  into  the  aew 
regions  twelve  to  forty  miles  from  any  railroad.  It  is  highly  im- 
portant that  good  wagon  roads  be  built  tlirongh  this  mining  region 
at  onoe.  The  roods  at  present  are  almost  impassable,  and  the  cost 
of  transporting  mining  oatfita  enormons,  while  the  delay  is  a 
serious  matter  in  many  instances.  It  is  a  matter  of  interest  to'  the 
entire  state  to  have  these  new  ore  fields  developed,  and  the  first 
Uiing  to  be  done  is  to  oonstroot  passable  roads. 

Extent  of  the  Bamqe. 

The  ore  formation  of  the  Mesabi  range  extends  from  the  Can- 
adian boundary  line  in  Minnesota,  in  a  direction  a  little  south  of 
west  to  and  beyond  the  Mississippi  river  in  township  56-25,  a 
distance  of  140  miles  or  more.  Fart  of  this  distance  the  ore-bear- 
ing rocks  are  concealed  frcmi  sight  by  the  later  gabbro  overflow. 

The  width  of  the  ore  belt  at  any  one  place  probably  does  not 
exceed  two  miles,  and  will  be  found  to  be  generally  lees  than  one. 
The  ore  lies  in  nearly  flat  beds,  having  a  variable  depth  or  thick- 
ness up  to  100  feet  It  is  not  to  be  inferred  that  there  is  a  oontin- 
nons  belt  of  ore  half  a  mile  to  a  mile  or  more  wide  and  40-80  feet 
thick  extending  for  140  miles  on  this  range.  That  would  be  far 
from  trne.  The  ore  deposits  are  found  at  intervals  over  this  area 
where  the  oonditions  necessary  for  their  fonnatirai  and  aooamiila> 
tion  exist  What  these  oooditionB  are  will  be  explained  later. 
The  ore  on  the  eastern  end  of  the  range  is  hard,  black  and  mag- 
netic, all  probably  owing  to  the  heat  of  the  gabbro  overflow.  On 
the  central  and  western  portions  of  the  range  the  ore  is  soft  hem- 
atite, limonite  and  goethite  with  bard  hematite  and  limonite  streaks 
ol  variable  thickness. 
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Ore  in  mdroli&iitable  qaantity  has  already  been  found — Jane, 
1892 — OD  the  oentral  part  of  the  raoge  in  seven  townshipB,  over  a 
length  of  forty  miles.  There  ie  good  reason  to  believe  it  irill  be 
foond  in  many  places  where  no  work  hae  been  done  yet,  as  well  as 
in  some  seotioDs  where  hasty  or  misdireoted  exploration  has  so  far 
failed  to  find  it.  Township  o8-17  especially  is  likely  to  prodnoe 
many  more  mines. 

EiTENT  OF  Other  Banqes. 

The  iron  mines  worked  on  the  Vermilion  range  at  present  ue  at 
two  pointe  only,  Tower  and  Ely,  twenty^three  miles  apari  Othw 
lake  Superior  ranges  have  an  extent  as  follows: 

Marquette,  from  CkM»e  lake  to  Three  lakes,  thirty-four  miles. 

Menominee,  from  the  Breen  mine  to  the  Nanaimo,  fifty  miles. 

Pent^ee-Gogebio,  from  Sunday  lake  to  Upson  on  the  Wisocxiaui 
Central  B.  B.,  thirty  miles  or  less. 

It  is  thus  evident  that  there  is  an  opportunity  on  the  Meeabi 
range,  ooneidering  merely  the  area  of  the  iron  formation,  for  a 
muoh  larger  quantity  of  iron  ore  than  on  any  other  range  in  the 
lake  Hnperior  district  which  is  admitted  to  be  the  greatest  iron 
distriot  of  the  globe. 

In  favorable  situations  the  ore  deposits  on  the  Mesabi  may  have 
a  width  of  a  mile  and  a  length  of  two  miles.  The  width  of  ore- 
bodies  here  corresponds  to  the  depth  on  other  ranges.  Henoe 
there  may  be  in  one  ore  deposit  on  the  Uesabi  as  much  ore  within 
one  hundred  feet  of  the  surface  as  on  the  Vermilion  or  Marquette 
range  down  to  the  depth  of  one  mile.  When  this  idea  is  once  com- 
prehended and  its  truth  admitted  the  great  advantage  of  this  new 
range  over  all  other  known  ranges  is  at  onoe  recognized. 

There  is  always  the  possibility  that  the  ores  of  the  Mesabi  will 
be  foa&d  to  extend  indefinitely  to  the  south  under  the  black  slates 
of  the  Animikie,  and  even  under  the  gabbro  and  trap  rocks  of  the 
lake  Superior  baein,  until  it  reappears  in  the  Fenokee- Gogebic 
range  on  the  south  shore.  In  that  case  the  supply  of  iron  which 
may  be  coonted  on  for  future  prodnotion  is  simply  incomprehensi- 
ble and  inexhaustible.  The  greatest  and  deepest  mines  of  the 
world  will  be  developed  here,  and  the  industry  of  iron  mining  and 
manufacture  in  this  state  will  continue  to  grow  until  iron  is  no 
more  an  article  of  consumption. 

But,  while  we  admit  this  possibility,  we  most  confess  that  we  do 
not  consider  it  likely  to  be  the  case.  The  nature  of  the  ore,  its 
probable  method  of  origin  as  explained  later  on,  its  porous  texture 
and  hydrated  composition,  combined  with  our  general  geosoopy. 
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force  hb  to  the  opinion  that  the  merohuitable  ore  beds  are  narrow 
and  only  locally  developed.  If  here  and  there  ore  is  Eoond  at  a 
considerable  depth  nnder  the  black  alates  it  will  be  dne  to  some 
local  conditions  which  cannot  be  expected  to  prevail  over  a  wide 
region,  and  will  be  correspondingly  acoonnbed  for. 

OBOLOaT  OF  THE  MeSABI  KaNOE. 

The  geoloKy  of  the  Meeabi  baa  been  disoassed  in  the  various  an- 
DQsl  reports  of  the  Hinneeota  snrvey  which  have  described  field 
work  in  the  northern  part  of  the  state.  The  U.  8.  geologiosl  snr- 
vey ban  also  added  considerable  to  the  literature  of  the  range  and 
its  geology.  The  views  of  different  geologists,  bb  expressed  in 
these  and  other  publioationa,  will  be  foand  referred  to  in  the  report 
on  "The  Iron  Ores  of  Minnesota,"  Bulletin  No.  6,  Geo!,  and  Nat. 
Hist  Stir.  ■  I  shall  here  give  merely  on  outline  of  the  views  enter- 
tained at  present  by  myself. 

Geognosy  oj  the  Range. 

This  iron  range  presents  one  of  the  most  interesting  chapters  in 
the  life-history  of  that  part  of  the  earth's  cruet  which  is  embraced 
within  the  boundaries  of  Minnesota.  We  have  here  the  phenom- 
enon  of  a  series  of  strata,  wide-spread  and  of  immense  thickness, 
entirely  confined  to  the  south  side  of  a  range.of  granite  and  syenite 
hills.  Althongfa  the  oonntry  is  at  the  present  time  much  lover,  no 
trace  of  the  Mesabi  range  rooks  has  been  reported  north  of  the 
Giant's  range  granite  in  this  state.  The  altitude  of  the  various 
portions  of  the  range  is  not  the  same.  Elevations  or  depressions 
amounting  to  hundreds  of  feet  have  taken  plaoe,  and  the  horizontal 
Taoonic  strata  of  the  Mesabi  have  simply  sunk  or  been  elevated 
with  the  granite  and  schist  which  sustain  them.  On  the  southern 
slope  of  the  granite  range,  whose  aammits  form  bine  hills  visible 
for  thirty  miles  either  south  or  nortb,  there  are  aocumulated  strata 
of  qnartzytes,  iron  alatas,  qaartz  elates,  cherts  and  argillytee  with 
fiows  of  gabbro  and  trap  rocks  thousands  of  feetin  thickness.  Yet 
only  the  gabbro  ernptives  appear  to  have  extended  north  of  the 
lofty  Giant's  range,  and  that  very  seldom.  It  is  not  credible  that 
the  Taconic  strata  once  exitted  north  of  the  granite  and  have  since 
been  entirely  swept  away  by  erosion — glacially  or  otherwise.  The 
sharp,  deep  gorges  in  the  folded  crystalline  and  earthy  schiste  of 
the  Yermilion  range,  which  lies  at  the  toot  of  the  Giant's  range  to 
the  north,  would  surely  retain  some  traces  of  sediments  which 
formerly  filled  them.  And  if  the  huge  granite  range  was  such  a 
protection  for  the  soft  ores  and  slates  which  lie  on  its  southern 
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slope  as  to  leave  those  exteomTe  depositB  of  soft  iron  ore,  vhich 
are  dow  being  diBoovered  jost  beueatb  the  drift  mantle,  eorely 
there  voald  be  eome  proteotioD  aEForded  to  eimilar  rocks  by  the 
lesser  parallel  ridgee  farther  oorth,  and  some  remnanta  of  the 
dates  woald  remain. 

Look,  t<x>,  at  the  differesoe  in  the  topt^aphy  on  the  two  sides  of 
the  Oianfs  range,  espeoiAlly  west  of  the  gabbro  sheet  On  the 
north  abrnpt  ridges  and  narrov  gorges  in  the  vertioal  eastward- 
trending  folds  of  the  Keewatin;  on  the  soath  a  smooth  plain  of 
blaok  slates  covered  by  till,  sloping  gently  soathward  for  fifty  miles. 
North  of  the  granite,  on  the  Dalath  and  Iron  Range  railroad,  Took> 
eats  are  frequent;  sonth  of  it,  on  the  Dalath,  Misaabe  and  North* 
em,  there  is  not  a  rook-oat  for  forty  miles.  These  differenoes  can 
be  explained  in  only  one  way — the  limitation  of  the  early  Taoonic 
ocean  by  this  granite  shore. 

Date  op  the  Qiant'b  Bange  Uplift. 

An  examination  of  the  granite  range,  which  lies  jost  north  of  the 
Uembi  iron- belt,  makes  it  evident  that  the  granite  hills  have  been 
apUfted — nndoabtedly  withoat  mach  aooompanying  metamorphism 
or  other  distorbanoe — since  the  snperinoambent  Taconio  strata 
were  deposited. 

Proof  of  this  is  fonnd  in  the  vicinity  of  Birch  take.  Here  the 
qaartzyte  of  the  Taoonic  is  seen  north  of  the  sammit  of  the  Giant's 
range,  bat  600  feet  below,  on  the  shores  of  the  lake  and  still  con- 
fined to  the  south  of  the  granite  belt 


Fli.  No.  l.XSeotloa  from  Blnh  Uke  to  tbe  HeaabI  range. 

It  has  been  remarked  that  the  qaartzyte  and  magnetite  strata 
which  lie  on  the  granite  sonth  of  Birch  lake  are  almost  np  to  the 
very  sammit  of  the  Giant's  ranga*  The  force  of  the  ice  sheet 
most  have  been  very  strongly  felt  on  this  exposed  ridge,  and 
erosion  woald  be  carried  to  a  greater  depth  here  than  elsewhere. 
The  fact  that  the  Taoonic  strata  are  still  found  in  snoh  an  exposed 
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sitosttoD  IB  proof  tiiat  the  entire  ridge  wa»  formerly  covered  by  » 
ooQsideTable  thi<^eBB  of  tiieee  rocks,  and  must  have  been  eleratad 
in  that  condition. 

At  the  same  time  it  is  true  that  the  fact  that  the  Taconic  strata 
do  not  extend  north  of  the  Giant's  range,  is  an  indication  that 
there  was  a  ridge  of  some  sort  there  daring  Taconic  time.  It  thus 
appears  probable  that  the  entire  region  north  of  the  granite  may 
formerly  hare  been  higher  than  now — perhaps  even  higher  than 
the  granite  ridge— and  has  tdnoe  subsided  to  its  present  leveL 
The  elevation  of  the  granite  hilLs  was  thus  accompanied  by  a 
depreaaion  both  soath  and  north. 

Cause  of  the  Qunt's  Banoe  Uplift. 

In  searching  for  an  explanation  of  the  gradoal  elevation  of  the 
Qiant's  range  it  is  natural  to  look  to  the  soath,  towards  the  Idte 
baair:,  which  is  its  apparent  complement.  The  immense  load  of 
emptive  rock  piled  np  on  the  north  ehore  of  lake  Snperior  oonld 
scarcely  fail  to  prodaoe  a  sinking  of  the  crost  in  that  region.  A 
depression  in  one  part  of  the  orast  mnet  be  followed  or  aoAom- 
panied  by  a  oorresponding  change  in  oontoar  and  on  elevation  at 
some  other  place.  Hence  the  most  natoral  explanation  of  the  hilt 
range,  which  now  forma  the  chief  water-shed  of  Minntssota,  is  in 
the  formation  of  the  lake  Saperior  basin  and  the  outflow  of  great 
sheets  of  trap  and  gabbro. 

These  erapttone  did  not  all  occur  at  one  time,  part  of  them  being 
foand  as  inter-bedded  or  laocolitic  sheets  in  the  Taoonic  strata. 
The  upward  movement  of  the  range  was  gradual,  corresponding  to 
the  gradual  accumulation  of  sediments  and  flows  further  south. 
There  is  not  found  in  the  quarzytes  and  slates,  which  now  lie  upon 
the  granite  hills  at  an  elevation  of  fourteen  hundred  feet  above  the 
water  of  lake  Superior,  any  stratigrapbic  deformation  or  min- 
eralogio  alteration  which  requires  the  supposition  of  rapid  eleva- 
tion. From  this  it  follows  that  the  petrographio  nature  of  the 
Gianf  s  range  waa  practically  the  same  as  it  is  now,  at  the  oom- 
menoement  of  Taoonic  time.  Metamorphism  intense  enough  to 
produce  the  crystalline  rocks  of  the  range,  would  have  had  a 
similar  effect  on  any  strata  resting  upon  them.  But  the  slates 
and  other  rocks  of  the  Mesabi  do  not  show  any  evidence  of  met- 
amorphosing agents  aside  from  the  superinoambent  gabbro.  The 
stratification  is  not  destroyed,  nor  disturbed  to  any  considerable 
extent,  while  the  mineralogioal  changes  observed  are  more  likely 
to  be  the  result  of  aqueous  than  of  igneous  action. 
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We  have  hera  a  simple  ohun  of  reasoning  from  which  to  infer 
the  solution  of  the  as  yet  ansettled  question  of  the  stratagiai^e 
position  of  the  gabbro: 

let  The  elevaticni  of  the  Gianf  s  range  to  its  present  poaiticn  is 
post-Taoonio. 

2nd.  The  elevation  of  the  Giant's  range  was  oaoaed  by  ttie 
gabbro,  beoce 

3id.    The  gabbro  is  poet-Taoonia 

This  agrees  with  the  observations  and  oonoloBitHis  of  A.  D- 
Irving  in  the  vioinity  of  Ganflint  and  Loon  lakes.  He  has  ^ves  a 
section  south  of  these  lakes  which  shows  the  t^vine  gabbro  IfiBC 
on  top  of  the  Animikie  black  slates  and  traps.* 

Obdeb  of  Stbatioraphy  on  the  MsaABi. 

The  rooks  exposed  on  the  Mesabi  are  the  following,  in  desoflnd- 
ing  order: 

1.  Gabbro  anconformable  on  all  the  followii^  Taoonio. 

2.  Black  slates — Animikie,      ....  Taconic 

3.  Greenish  silioeoos  slates  and  oherts,        -  Taoonio. 

4.  Iron  ore  and  taoonyte  horizon,    -        -        -  Taoonio. 
6.    Qaartsyte  onoonformable  on  6  and  7,      -  Taoonie. 

6.  Green  eobists  of  the  Eeewatin,  .        -       -    Arcbnan. 

7.  Granite  or  syenite  of  the  Giant's  range,  Arobnan. 

It  will  be  proper  to  give  a  brief  description  of  the  appearance 
and  ooonrrenoe  of  each  of  these  divisions.  It  is  essential  for 
eoonomicsl  exploration  on  the  range,  that  these  different  rock 
horisone  be  rect^nized  and  distingnished  from  each  other.  The 
object  of  this  sketch  of  the  Measbi  range  is  more  for  the  parpoee 
of  farniehing  a  reliable  and  simple  aooonnt  which  will  be  onder- 
stood  and  applied  in  fntnre  development,  than  a  scientific  dieons- 
sion  of  the  sobject.  To  the  explorer  the  difference  between  the 
green  slates  of  the  Taconic  and  the  green  scbists  of  the  Keewatin 
is  of  the  utmost  importance.  The  former  lie,  for  the  most  part, 
above  the  ore  horizon  and  the  latter  entirely  beneath  it.  If  he 
cannot  diatingnish  them  at  sight  he  cannot  tell  which  way  to  direct 
hie  line  of  test-pits,  nor  when  to  stop  work  in  any  one  of  them. 
If  he  calls  tbe  chert  "qnartzyte,"  and  then  concludes  that  he  is 
below  the  ore  because  the  qnartzyte  lies  below  it,  he  again  makes 
a  mistake  and  one  which  may  be  very  costly  or  result  in  hia 
missing  his  ore  body  entirely.  Many  similar  instances  have  come 
under  my  obeervation.     It  is  by  determining  such  questions  as 
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these  that  geology  aide  the  racplorer  and  miner.  Although  aa 
elementafy  knowledge  of  miaeralogy  and  the  oompositioD  of  the 
more  common  rooks  woatd  assist  in  an  understanding  of  the  next 
few  pari^aphs,  yet  tbe  princit^es  laid  down  are  so  onirerBal  and 
the  distinotiona  so  obrioos,  that  it  is  beliered  they  can  be  nnder- 
stood  and  applied  by  anyone  who  reads  them. 

7.    Gbanite  of  the  Giant's  Bangs. 

The  granite  or  syenite  of  the  Giant's  range  lies  north  of  the 
iron  belt  of  the  Mesabi.  It  forms  high  rounded  ridges  of  pink  or 
gray  crystalline  rook.  It  is  composed  of  rather  coarse  crystalline 
grains  of  gray  or  flesh-colored  feldspar,  blnisb  translucent  qaarts 
and  black  mica  or  hornblende.  It  nsoally  possesses  no  bedded 
stmotare  and  can  be  broken  with  almost  eqaal  ease  in  any  direc- 
tion. It  is  older  than  tbe  rocks  of  the  iron  formation  proper,  and 
lies  beneath  them  from  tbe  Mountain  Iron  mine  westward.  It  has 
on  the  north  a  belt  of  crystalline  mica  and  hornblende  sohista,  and 
on  the  soatfa  seems  to  have  a  direct  transition  into 

6.    Gbeen  Sohists  of  the  Ksewatin. 

These  sahists  oonstitnte  the  rook  commonly  called  "greenstone," 
or  "dioryte"  by  explorers.  They  are  gray  to  green  in  color,  softer 
than  the  granite  and  have  an  earthy  appearance  instead  of  a 
bright  crystalline  Instre  like  the  mica  schists.  The  green  schist 
has  a  cleavage  wbich  is  nearly  vertical — when  it  is  not  massive. 
It  never  oocnrs  in  horizontal  layers  like  the  qnartzyte  and  slate. 
The  lower  bed  of  the  Mesabi  ore  formation,  i.  e-,  the  basal 
qnartzyte, — always  rests  npon  this  Archsean  green  schist  or  upon 
the  granito,  and  the  nature  and  extent  of  the  ore  bodies  seem  to  be 
entirely  independent  of  the  underlying  rock. 

The  green  schist  does  not  always  follow  the  oourse  of  the  gran- 
ite range.  It  diverges  and  forms  minor  ridges,  uplifting  the 
quarzyto  aud  iron  strata  for  a  distance  of  several  miles  from  the 
main  ridge.  The  presence  of  these  ridges  of  granite  or  green 
schists,  whether  exposed  or  not,  is  one  of  the  essentials  to  the  exist- 
ence of  a  body  of  soft  ore,  as  we  shall  see  later.  This  green  schist 
is  the  some  as  that  of  the  Yermilion  iron  range,  and  it  is  not  im- 
possible that  lenses  of  hard  iron  ore  may  be  discovered  in  it  in 
some  place  beneath  the  ore  of  the  Meaabi.  These  schists  are  cov- 
ered in  many  places  by 
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5.      QdaBTZKTI  t7N00NF0RlIABIiE  ON   THE   SOHISTB   AND   GbaHITI. 

This  rook  is  the  lowest  member  of  the  Taconio  strata  which  con- 
Btitate  the  Meesbi  iron  formation.  It  Ib  white,  gray,  greeu,  pink 
or  parple,  and  is  composed  of  roaoded  grains  of  sand,  mostly  eiiioa. 
It  never  has  a  high  dip  so  far  as  seen  on  that  portion  of  the  range 
west  of  the  gabbro  oTerflow.  Where  it  lies  npon  granite  it  is  pink 
or  white,  or  may  be  stained  red  by  iron  oxide.  Where  it  rests  on 
green  sohist  it  is  finer  grained,  nsnally  in  thinner  atrsta  and  gray 
or  greenish  is  oolor.  Near  the  lx>ttom  it  often  containa  pebbles  of 
quartz  and  graBit*»,  as  well  aa  jasper  and  greenstone.  It  has  also 
been  observed  to  contain  white  or  pink  mica  in  horizontal  scales  as 
large  as  half  an  inch  across.  In  some  thin  sections  the  secondary 
enlargement  of  the  qnartz  grains  is  well  shown.  In  btbers  the 
grains  fit  closely  together  and  there  are  few  interstitial  spaces,  al- 
tbongh  the  qnartz  is  crystalline.  Where  it  is  found  in  test-pits 
under  the  ore  it  has  nsnally  lost  its  character  of  hard  Titrooos 
qnartzyte  for  some  distance  below  the  contact,  and  is  a  soft,  ooarse, 
ommbling  sandstone,  white  or  iron  stained.  No  merchantable 
iron  ore  is  found  in  or  below  this  qnartzyte,  anlees  it  shoold  be  in 
the  green  schist,  and  when  this  rook  is  encoantered  in  a  test-pit 
work  should  be  discontinaed  as  quickly  aa  it  would  ha  in  the  gran- 
ite oi  green  schist.  This  quartzyte  lies  immediately  under  the 
taoonyte  horizon. 

Its  position  with  reference  to  the  black  elates  has  been  a  matter 
of  some  difference  of  opinion,  and  the  writer  formerly  beliered  it 
to  belong  above  them.  There  seems  to  be  no  qaestion  now,  bow- 
ever,  that  this  ie  the  same  as  the  Pewabio  qnartzyte  at  Gnnflint  - 
lake  and  the  Pokegama  qnartzyte  of  the  Mississippi  river,  and  that 
it  is  the  lowest  member  of  the  Taoonic.  It  has  been  assigned  to 
the  Gmtoceons,  Potsdam  and  Huronian  by  different  geologists. 
Prof.  N.  H.  Winchetl  believes  it  to  be  the  equivalent  of  the  Pots- 
dam qnartzyte  of  New  Tork.  It  occurs  at  Sionx  Falls,  South  Da- 
koto,  and  at  Boraboo,  Wisconsin,  in  similar  association  with  under- 
lying granite  and  overlying  iron  bearing  rocks. 

4.    Ibon  Obb  AMD  Taookitb  Hobizon. 

Besting  immediately  upon  the  basal  quartzyte,  and  apparently 
conformable  with  it,  is  a  series  of  strata  which  present  very  differ- 
ent appearances  in  different  localities,  and  which  vonstitute  the 
iron  ore  deposits  in  aitaations  favorable  for  their  accumulation. 
These  strata  consist  of  siliceous  and '  sometimes  calcareous  rocks 
banded  with  oxid(>>  of  iron  or  iron  ore.    The  ore  occurs  in  streaks 
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or  beds  of  indefinite  length  and  thioknem.  It  u  sometimM  mag- 
netite, Bometimes  hematite,  hard  or  eoft  The  rook  which  enoloBes 
these  bands  may  be  called  a  jaspery  qnartzyte,  bat  it  contains 
mnch  besides  silica.  It  is  of  Tsrions  oolora,  bat  nsoally  gray.  It 
is  occasionally  oherty,  often  breociated  and  sometimes  oonglom- 
eritic  There  are  layers  of  jasper  having  a  pecnliar  mottled  and 
streamed  appearance;  there  are  others  of  fine  qaartz  grains  more 
or  lees  mingled  with  grains  of  iron  oxide;  others  again  are  so  fine 
grained  as  to  be  flinty,  with  amorphoas  silica,  which  evinces  great 
readineee  to  dissolve  and  leave  cavities  or  eoft  poroae  etreaka  in  the 
ledge.  In  its  fresh  gray  condition  one  portion  of  it  does  not  pre- 
sent maoroscopically  individualized  oonstitaents.  The  silica  is 
oloaded  with  some  grayish  or  greenish  element  which  appears  to 
contain  a  percentage  of  lime  or  iron  carbonate.  This  rock  is  wide- 
ly spread  over  the  whole  length  of  the  Mesabi,  and  being  different 
from  anything  foand  elsewhere  and  peculiar  to  this  horizon  of  the 
Taoonio,  has  been  called  laconyte  by  the  writer.  It  has  not  beeoi 
studied  microscopally  or  chemically  as  yet.  The  examination  of 
apetamens  now  on  hand  will  probably  yield  further  interesting  in- 
formation as  to  its  natore  and  origin. 

This  banded  jaspery  qnartzyte  or  taoouyte  horizon  is  not  of  great 
thickness.  There  is  a  rather  abrupt  transitioa  below  into  quartz- 
yte,  but  a  more  gradnal  one  into  the  biliceous  slate  and  chert 
member  above. 

The  peroentt^fe  of  iron  in  this  rock  as  it  occurs  analtered  is  sel- 
dom sufficient  to  make  it  a  merchantable  ore,  thoogh  there  may  be 
fonnd  layers  of  ore  in  it  thick  enongh  to  work  profitably  like  those 
west  of  Ganflint  lake  in  T.  65-4.  It  is  not  to  be  expected  that  there 
will  be  any  mines  of  magnetic  ore  on  the  central  portion  of  the 
range.  The  taoonyte,  however,  is  found  in  all  degrees  of  altera- 
tion into  good  iron  ore.  The  nature  of  this  alteration  will  be  ex- 
plained later.  It  is  only  neoeesary  to  add  here  that  this  is  the  hor- 
izon to  follow  in  the  search  for  ore.  It  is  the  rock  which  contains 
and  produces  the  ore,  and  teet-pits  which  reveal  this  member  of  the 
Taoonic  formation  are  not  discoaraging.  Having  found  it  the  next 
thing  is  to  find  some  uniform,  even  slope  of  considerable  descent 
and  let  the  test-pits  follow  it  down,  be  it  north,  east,  south  or  west. 

3.    Obeenish  Siliceous  Slates  and  Cherts. 

These  strata  constitute  a  sort  of  transition  stage  between  the 
rocks  of  the  iron  horizon  and  the  black  slates.  There  is  no  proof 
of  any  urconformity  either  above  or  below  this  member,  but  litho- 
logioally  it  is  distinct  from  the  rest.     There  is  a  considerable  mix- 
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toxe  of  graeniBh  material,  apparently  of  eraptive  origin,  either 
intimately  mixed  with  the  ailioa  and  fine  argillaceouB  matter  or  in 
separata  Btreake.  Even  the  extremely  eilioeona  oherta  wbioh  oon- 
stitnte  the  apper  part  of  thie  borison  oooasionally  present  a  green 
iah  sppeoracoe  doe  to  intermixture  vith  this  basic  elements  There 
is  Bometimea  foand  a  layer  of  dense  bnt  soft  blaok  argillyte  in  this 
none,  whiob  seems  to  be  an  indication  of  the  great  tluckness  of 
similar  Tocka  to  be  deposited  later. 

The  chert  is  red,  yellow,  black,  white  or  green,  and  in  the  Tbon- 
der  Bay  region  baa  a  tbickneea  of  two  or  three  bondred  feet  It  is 
not  known  how  thick  it  is  on  the  central  Mesabi.  It  is  not  strictly 
oonfined  to  this  member  of  the  Taoonio,  bat  is  oooasionally  fonnd 
as  low  as  the  basal  gnartzyte,  and  above  high  np  in  the  slates.  Its 
content  of  silica  varies  greatly.  Now  it  will  have  the  appearance 
of  pore  translucent  chalcedony,  and  again  it  ia  mixed  with  oxide  ot 
iron  or  some  carbonate  of  lime  and  iron.  It  frequently  possesiieB  a 
peculiar  bieociated  appearauoe,  having  been  thoroughly  shattered 
into  angalar  fragments  which  are  r&-oemented  by  the  same  amor- 
phous silica. 

This  angalar  fraotoring  or  join^g  is  also  visible  In  the  iron  ore, 
even  when  it  ia  soft  enoogh  to  excavate  with  pick  and  shovel.  It 
is  more  difficolt  to  aooonnt  for  the  large  amount  of  silica  in  these 
ohwts,  which  lie  above  the  iron  ore  horizon,  than  for  that  which 
haa'snlarged  and  cemented  the  grains  of  the  qoartzyte  below  the 
ore.  In  the  latter  case  the  silica  baa  been  removed  in  carbonated 
solntiona  from  the  ferriferous  layers  down  into  the  qoartzyte  and 
there  deposited.  How  it  came  to  be  accumulated  in  such  quantity 
at  the  chert  horizon  is  a  matter  for  future  study.  When  the  ex- 
{dorer  finds  this  flinty  slate  formation  it  is  safe  to  conclude  that  he 
is  above  the  ore  horizon  (that  is,  above  where  the  ore  is,  if  there  is 
any  there)  and  must  go  deeper  or  farther  up  the  general  slope  of 
the  region. 

3.    Anihikii  Blaok  Slatbs. 

The  npper  slaty  strata  of  the  last  division  soon  pass  into  this, 
which,  so  far  as  examined  on  the  central  part  of  the  range,  consists 
entirely  of  several  hundred  foet  of  carbonaceouH  argillytea.  Dia- 
mond drill  rnoorda  do  not  show  the  preseDce  of  the  interbedded 
traps  which  are  seen  in  the  aame  horizon  around  Gunflint  lake  and 
eastward.  It  is  possible  that  these  emptives  may  be  higher  up  in 
these  slates  and  will  be  discovered  by  future  drilling  farther  south. 
These  slates  have  the  nsnal  dip  of  the  entire  Taoonio  series  on  the 
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Meeabi,  viz.,  from  borizontal  to  20°  to  the  south  or  Bontheas(.  The 
dip  is  looally  as  high  as  45°  in  some  of  the  ore  deposits  where  they 
lie  close  to  the  green  schist. 

These  slates  are  supposed  to  extend  southward  under  the  gabbro 
to  the  St  Lonie  river,  and  then  to  Hppear  again  with  a  high  dip  and 
somewhat  distorted  stratification.  If  the  St.  Louis  river  slates  are 
Animikie,  as  eappoeed,  it  is  quite  likely  that  the  lower  horizon  of 
iron  ore  and  qaartzyte  may  also  come  to  the  surfaoe  in  the  same 
ricinity,  and  thaa  still  another  iron  range  may  be  discovered, 
Btill  nearer  Dulnth.  It  is  obvious,  however,  that  with  the  high  dip 
of  the  St.  Lonis  slates  the  ore  deposits  would  soon  lead  to  deep 
mining  and  lose  the  advant^es  which  the  Mesabi  poBsesees  in  lying- 
in  flat  deposits. 

The  practical  inference  to  be  drawn  from  black  slate  outcrops  on 
the  Mesabi  is  that  they  are  always  c^ve  the  iron  ore  horizon,  and 
surface  exploration  must  be  pursued  in  the  direction  contrary  to 
the  dip. 

The  task  of  test-pitting  through  the  black  slates  is  almost  a  hope* 
less  one,  for  the  dip  is  sufficient  to  make  a  depth  of  several  thou- 
sand feet  in  a  few  miles.  la  case  of  diamond  drilling,  where  the 
property  is  all  within  the  slate  area,  the  only  general  advice  is  to 
get  as  near  the  north  eide  of  the  property  as  possible,  for  if  there 
is  any  ore  under  the  slate  it  will  be  found  in  a  shorter  vertical  dis- 
tance there  than  farther  south. 

L     Gabbbo. 

This  rook  is  sometimes  called  "granite"  by  explorers.  I  have 
heard  some  of  them  say  that  there  is  granite  on  both  sides  of  the 
ore  belt  in  59-14.  Bat  the  average  explorer  knows  the  difference 
between  granite  and  gabbro.  Granite  has  a  pink  color  and  con- 
tains crystalline  grains  of  lavender  blue  quartz,  together  with  mioa 
or  hornblende. 

Gabbro  is  gray — seldom  if  ever  pink,  and  contains  no  free  qnartz. 
It  is  almost  wholly  composed  of  gray  feldspar  (labradorite),  wbiob 
has  pearly  and  often  striated  cleavage  planes  and  is  softer  than 
qnarlz.  The  hills  sonth  of  the  iron  belt  in  58-16  are  composed  of 
this  gabbro,  which  probably  lies  above  the  black  slates  and  under- 
lying iron  rocks.  The  gabbro  poured  out  of  the  earth's  surfaoe 
like  lava  and  flowed  north  over  the  surface  of  the  country,  tipping 
the  rooks  up  on  edge  and  sometimes  floating  along  huge  slabs  of 
the  Taconic  strata  several  hundred  feet  long,  which  are  now  found 
standing  at  various  angles  surrounded  by  the  cooled  gabbro. 


,Coo»^lc 


STATE  QEOLOaiST.  137 

From  Birch  lake  eastward  for  several  miles  the  gabbro  flowed  so 
far  north  as  to  oorer  the  iron  belt  completely  and  we  now  find  it 
lying  on  the  granite.  The  eff  set  of  the  heat  of  this  molten  gabbro 
was  to  make  the  iron  ore,  which  already  existed  in  the  rooks,  hard 
and  magnetic,  and  thie  effeot  seems  to  have  been  felt  for  miles 
away  from  the  edge  of  the  gabbro. 

Ot^er  minerals  besides  iron  were  changed  by  the  same  agency, 
and  even  so  hard  a  lOok  as  the  qnartzyte  was  so  changed  that  sam- 
ples of  it  have  recently  been  designated  "altered  gabbro"  by  an 
eastern  petrographer. 

There  is  good  reason  to  believe  that  the  iron  ore  deposite  in  their 
present  condition  have  been  formed  principally  since  the  gabbro 
overflow.  There  was  a  certain  amoont  of  iron  in  the  rocks  origin- 
ally, bnt  this  has  been  greatly  augmented  and  conoentrated  in  more 
recent  times. 

Accompanying  the  gabbro  is  frequently  more  or  less  black  mag- 
netic ore,  which  carries  an  injnrioan  amoant  of  titanic  acid.  This 
black  ore  occurs  in  grains  in  the  rook  nearly  everywhere,  and  some- 
times forma  large  deposite.  It  has  a  dull  lustre  and  is  not  finely 
granular  like  the  magnetite  of  the  Taoonio  strata.  It  also  lacks  the 
evidences  of  stratification  everywhere  visible  in  the  guartzyte  and 
asHooiated  ores. 

The  northern  and  western  boundaries  of  this  gabbro  sheet 
are  approximately  shown  on  the  geological  map  accompanying 
Bulletin  No.  6  of  the  geological  survey.  It  will  there  be  seen  that 
there  is  no  trace  of  this  rook  known  west  of  rsnge  16,  and  it  is  to 
be  expected  that  the  slates  will  be  found  immediately  under  the 
glacial  drift  west  of  the  gabbro.  The  ore  also  loses  ite  magnetic 
quality  as  we  approach  the  Mississippi  river,  and  at  Prairie  river 
ii  is  nearly  all  hematite. 

Although  parties  of  explorers  have  recently  gone  into  the  gabbro 
area  on  Partridge  river,  equipped  fur  teet-pitting,  it  is  scarcely  ne- 
cessary to  say  that  there  is  no  good  reason  to  expect  merchanteble 
iron  ore  deposite  in  or  under  this  eruptive  flow  in  any  place  bnt 
along  the  northern  edge,  where  it  covers  the  ore  belt  Farther 
sooth  it  reaches  a  thickness  of  hundreds  of  feet,  and  the  slates  be- 
low are  still  hundreds  of  feet  above  the  ore  horizon. 

The  advice  in  general  is:  Keep  away  from  the  gabbro.  The  ore 
found  under  it  will  be  magnetic,  may  be  titaniferous  and  is  sure 
to  be  mixed  with  lean  siliceous  portions  which  will  interfere  with 
cheap  mining. 


D,qit,zeabvG00»^lc 


laB  TWEHTIETH  AHHCAL   BBPORT 

OOOURRENCE  OF  THE  ORE. 

In  the  foregoing  pages  it  has  already  been  indioated  how  the  ore 
ooonra.  Among  explorers  and  miners  on  the  range  there  is  great 
oonfosioc  ol  ideas  on  this  point.  It  ia  said  to  be  in  veins,  and 
many  are  still  searching  for  a  hanging  wall  and  predicting  that  the 
flat  portions  oooarring  withoat  one,  are  what  they  term  "slop- 
overg."  It  is  quite  common  to  be  told  that  the  rein  will  booh  *take 
a  high  dip  to  the  south  and  go  down  at  an  angle  of  60°,  more  or 
less,  to  a  great  depth.  Those  who  entertain  this  opinion  ko  still 
farther  and  look  for  the  oontinaation  of  the  "Teio"  to  an  indefinite 
distance  across  the  country  in  one  direction.  The  proper  direction 
ia  often  rather  absurdly  ascertained  by  drawing  a  line  tbroagh  the 
tooations  of  two  or  more  mines  on  the  map  and  extending  it  aoroea 
adjacent  property  for  miles.  The  amoant  of  money  already  spent 
in  extremely  unpromising  locations  that  have  been  selected  in  this 
way  would  bny  several  good  mines.  Others  say  that  the  ore  is  a 
Burfooe  "wash"  which  has  settled  in  waters  of  very  recent  date  in 
troughs  or  valleys.  Still  again  it  is  said  that  the  ores  ore  erupt- 
ive) and  the  shiny  limonite  coating  in  some  cavities  is  pointed  to 
as  unmistakable  evidence  of  fusion  and  rapid  oooling. 

The  most  ancient  of  ideas  ie  held  by  aome  that  the  ore  deposits 
date  from  the  creation  of  the  world,  and  those  who  hold  this  idea 
say  wisely:  "  Where  it  is  there  it  is,  and  yoa  cannot  see  any  further 
into  the  ground  than  any  of  as,  nor  tell  as  where  the  ore  ia  likely 
to  occur."  It  would  be  extremely  rash  to  deny  the  truth  of  the  old 
Cornish  saying,  but  repeated  experience  has  proven  that  a  knowl- 
edge of  the  geology  of  a  region  will  and  does  enable  us  to  tell 
where  the  ore  probably  exists  and  where  it  does  not. 

The  oooarrence  of  the  Mesabi  ores  is  not  in  veins  or  lodes.  No 
hanging  and  foot  wall  proper  are  to  be  foand.  The  deposits  lie  on 
qaartzyte,  and  for  convenience  that  may  be  called  the  foot  wall, 
but  it  has  not  the  same  signifioanoe  nor  does  it  bear  the  same  rela- 
tion to  the  ore  body  that  a  trae  foot  wall  beats  to  a  true  vein.  Id 
rare  inatunoes  the  ore  will  be  found  with  a  "capping"  of  jaspery 
qaartzyte  or  taoonyte  varying  in  thiokness  from  a  few  inches  to 
Uiirtv  feet  or  more.  This  wAt  be  oalled  a  hanging  wall,  bat  not 
properly.  Moreover,  the  coarse  of  the  ore  deposits  is  not  persist- 
ent in  one  direction  unless  the  slope  of  the  ridge  on  which  they  lie 
has  a  straight  trend.  The  soft  ore  bodies  follow  the  slopes,  and 
when  they  change  direction  the  ore  deposit  asually  either  oomee  to 
an  end  or  changes  also.  This  can  be  seen  at  several  places,  bat 
especially  marked  at  the  Mountain  Iron  mina     The  ore  first  dta- 


STATE  QEOLOOIBT.  129 

ooTflred  lies  ib  a  horae-Bhoe  basia,  the  sidea  of  which  ore  high  and 
hare  a  steep  slope.  The  ore  follows  the  side  of  this  buin  and  is 
discovered  in  pits  which  follow  the  slope  aroacd  to  the  northwest, 
as  welt  as  on  a  subordinate  ridge  which  rans  soath  and  soatheast 
for  half  a  mile.  There  is  no  principle  more  unireFsal  on  the  range 
than  this:  the  presence  or  absence  of  an  ore  l>ody  depends  on  the 
pieseDoe  or  absence  of  an  elevation,  on  the  slope  of  which  the 
proper  horizon  of  Taoonic  strata  oocnrs.  This  idea  will  be  farther 
explained  in  disoosaing  the  origin  of  the  ore. 

The  ore  deposits  are  not  likely  to  assame  a  high  dip  and  thus 
to  extend  to  great  depths.  On  the  contrary,  as  we  go  sonth  away 
from  the  granite  and  green  schist  ridges,  the  entire  formatioii 
flattens  down  and  the  dip  is  hardly  perceptible.  This  fact  is  not 
indicative  of  the  existence  of  eoft  ore  deposits  nnder  the  slates  at 
great  distances  sonth  from  the  iron  belt,  as  at  present  defined. 

The  ideas  of  snrface  "wash"  and  eraptive  flows  are  also  neces- 
sarily discarded.  The  existenoe  of  oceanic  stratifioation  and  the 
freqaent  transition  from  soft  ore  into  the  rook  strata  of  the  ancient 
Taoonic  are  alone  safiioient  to  disprove  both  of  these  ideas. 
Moreover,  there  is  no  trace  of  the  ohemioal  action  which  would 
have  taken  place  if  the  ores  were  ernptions,  nor  does  the  physical 
character  of  the  ore  harmonize  with  this  idea.  The  deposition  of 
limonite  in  shiny  coatings  in  crevices  and  elsewhere,  is  by  the 
action  of  aqneons  solatione,  and  instead  of  being  an  indication  of 
heat  is  jnst  the  reverse. 

Obe  Dspostts  Ooodb  in  Beds. 

The  Mesabi  ore  deposits  are  in  regnlar  beds.  They  oonetitnte 
part  of  the^Taconic  strata  and  are  still  in  almost  their  original 
position.  They  are  part  of  the  horizon  which  lies  next  above  the 
basal  qaartzyte.  They  grade  into  the  rocks  of  this  horizon  in  all 
directions  laterally,  and  oooasionally  both  above  and  below.  As  a 
rule,  however,  the  ore  lies  directly  on  the  softened  and  disinte- 
grated basal  qaartzyte  which  does  not  contain  maoh  iron  oxideL 
The  bedding  planes  of  the  original  strata  ore  perfectly  preserved 
in  the  ore,  as  are  the  joints  and  even  the  differences  in  texture  of 
the  various  layers  of  jasper,  chert,  coarse  and  flne  taconyte  and 
slate. 

The  ore  deposits  thus  far  discovered  on  the  Mesabi,  with  few 

exceptions,  lie  just  below  the  glacial  till,  which  varies  in  depth 

from  a  few  inches  to  one  hundred  feet.    The  ore  body  has  a  depth 

equally  as  great,  and  usually  is  wedge-shaped  with  the  narrow  end 

9e 

,  ,„,,    ,Coo»^lc 


J30  TWENTIETH  AKNCAL  EEPOKT 

or  side  lying  toward  the  top  oE  the  slope  aad  the  thickest  portioo 
farther  down.  There  ms;  be  oooaBioDally  a  ksoll  or  ridge  of 
jaepery  qnartzyte  lying  above  the  Barface  plane  of  the  alope.  In 
this  case  the  ore  generally  passeB  under  the  knoll,  which  thna 
forms  a  capping:  bat  occasionally  this  hard  knoll  or  ridge  extends 
downward  unaltered  to  the  basal  qnartzyte  and  constitutes  a 
"Horse"  in  the  ore  body.  These  "horses"  are  called  "dykes"  by 
some  explorers.  They  are  not  true  dykes,  however,  bnt  parts  of 
the  general  formation  which  do  not  out  through  the  quartzyte 
below  the  ore,  as  eruptive  dykes  would. 

True  dykes  are  not  common  along  the  range,  and  their  absence 
coDBtitntes  one  of  the  chief  points  of  difference  between  the 
Mesabi  and  the  Penokee-Gogebic.  The  accumalation  of  the 
.  Mesabi  ores  cannot  be  due  in  any  way  to  dykes,  for  there  are 
none  associated  with  the  ore,  and  no  ore  where  dykes  are  found. 
This  fact  intlicates  that  perhaps  the  ore  deposits  on  the  Penokee- 
Gogebic,  instead  of  being  produced  throagh  the  agency  of  the 
dykes  iu  forming  troughs  in  which  the  ore  was  deposited,  have 
been  formed  in  spite  of  the  dykes  and  would  have  been  much 
deeper  and  more  extensive  had  it  not  been  for  them.  From  what 
can  be  seen  on  the  Mesabi,  dykes  and  even  troughs  are  unneces- 
sary features,  the  ore  being  dae  to  a  replacement  and  concentration 
process  which  haa  proceeded  ou  all  uninterrapted  slopes  of  suf- 
ficient pitch  where  the  proper  rocks  exist  for  such  a  change.  This 
operation  or  process  of  replacement,  moreover,  extended  as  far 
down  the  slope  as  the  local  conditions  have  permitted  since  the 
rocks  were  elevated  to  their  present  position.  If  the  slope  was  a 
long  one,  and  in  the  shape  of  a  large  basin,  the  ore  deposit  is 
\exvfi.  If  it  was  narrow  or  interrnpled  by  numero4is  gorgee  or 
ridges,  the  ore  is  apt  to  be  limited  in  quantity  and  of  poorer  quality. 
Where  there  was  an  opportunity  for  the  greatest  freedom  of  drain- 
age and  the  most  extensive  percolation  of  solutions  through  the 
rocks  for  a  considerable  thickness,  and  over  a  considerable  area, 
there  are  found  the  pnrest  and  largest  accumulations  of  ore. 

It  is  quite  possible  that  there  may  be  in  places  two  or  more  par- 
allel lenses  of  ore  separated  by  ridges  of  unaltered  taconyte.  This 
might  easily  occur  where  the  taconyte  horizon  is  uncovered  over  a 
considerable  ares  and  where  the  surface  consists  of  an  nndatating 
succession  of  ridges  with  gradual  slopes.  The  asnal  dip  of  the 
Taoonic  rocks  on  the  Mesabi  is  so  slight  that  it  does  not  alwaya 
exceed  the  general  slope  of  the  sarface  of  the  country  south  of  the 
Giant's  range.  For  this  reason  there  may  oooaeioaally  be  a  sue- 
cession  of  elevations,  on  the  eidee  oE  which  are  ore  deposits;  and 
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einoe  the  elevated  portions  of 
these  ridgea  are  asanUy  msg-  ~ 
netitio  And  the  ore  bodies  ore  — 
not,  R  dip  needle  may  be  used 
to  advantage  in  locating  the  _^ 
ore.  Fig.  2  illnstrates  this  - 
idea. 

The  natnre  of  the  lateral 
and  lower  bonndariea  of  the 
ore  deposits  will  be  more  or 
less  a  matter  of  specnlation 
imtil  Bome  are  mined  oat. 
The  eztensive  developments 
and  the  large  production  of 
ore  already  arranged  for, 
promise  interesting  revela- 
tions within  the  next  two  or 
three  years.  At  the  present 
time,  however,  some  idea  of 
the  appearance  of  the  open 
pits,  when  the  ore  has  been 
mined  ont,  can  be  gained  from 
a  consideration  of  its  mode  of 
occnrrence,  as  already  known.  * 

The  upper  edgeis generally 
thin  and  rather  the  poorest 
ore.  If  this  part  of  the  ore 
is  stripped  and  taken  ont  it  ' 
will  leave  the  basal  qoartzyte 
nposed,  dipping  sonth  at  an 
angle  of  10°  to  40".  The 
lower  side  of  the  ore  bed  is 
more  or  less  mixed  with  sand 
from  this  qaartzyta  Hence 
the  bottom  of  the  open  pits 
will  be  an  almost  plane  anr- 
tace  dipping  as  the  qoartzyte 
dips,  and  at  a  short  distance 
resembling  soft  ore  more  than 
qoartzyte.  The  ore  will  grad- 
oally  deteriorate  below  a 
certain  depth  in  all  pits  and  in 
Ml  excavation  antil  it  becomes 
too  poor  to  be  mined. 
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The  sides  of  the  ore  bodies  will  present  rather  abrnpt  tranaitionB 
into  the  jaspery.qaartzyte  ot  the  iron  ore  and  taoonyte  horizon.  It 
is  Qot  to  be  supposed  that  the  limits  of  the  soft  ore  will  be  markRd 
by  a  wall  or  definite  boandary  plane  on  any  side  or  at  the  lowest 
edge.  It  is  rather  to  be  believed  that  the  ore  extends  into  the 
looks  in  eheets  of  variable  thickness,  and-  that  when  followed  np 
asd  mined  ont,  the  lower  edge  of  the  remaining  open  pit  will 
have  a  very  ragged  appearance  something  like  the  foUowlng, 
figure  3. 

The  ore  on  the  lower,  thicker  edge  may  also  be  expected  to  de- 
teriorate and  become  more  like  paint  rock  and  earthy  than  the 
lower  strata,  which  are  mixed  with  sand.  The  capping  or  bard 
ridges  already  mentioned  may  present  some  interesting  examples 
of  tbe  process  of  the  replacement  of  silica  by  oxide  of  iron,  which 
can  be  easily  examined  and  studied  when  the  surronnding  ore  is 
removed. 

There  are  other  interesting  phenomena  which  can  only  be  ex- 
plained fully  when  tbe  ore  in  their  vicinity  is  removed.  There 
appears  to  be  a  gorge  on  the  Lone  Jack  and  Misaabe  Mountain 
properties,  excavated  to  the  depth  of  sixty  feet  in  the  aof t  ore  by 
some  preglacial  stream  and  subsequently  filled  with  rounded,  wa- 
ter-worn pebblt»  of  bard  ore.  Test-pits  on  each  side  of  th^s  gorge 
filled  with  ore-gravel  eneonnter  fine,  soft  hematite  just  below  the 
glacial  drift,  which  does  not  here  exceed  twenty  feet  in  depth.  At 
the  bottom  of  this  ore  gravel  is  a  stratified  layer  or  series  of  layers 
of  white  kaolin,  more  or  less  stained  and  mingled  with  fine  red  iron 
ore.  This  layer  varies  from  a  few  inches  to  twelve  feet  in  thick- 
ness and  its  true  nature  has  not  been  ascertained.  Below  it  ia 
found  tbe  same  blue  hematite  which  oocurs  in  the  test-pits  on  both 
sides  of  the  gorge  sixty  feet  nearer  the  snrface. 

There  are  also  gorges  apparently  scraped  out  by  solid  ioe  and 
filled  by  sand  and  gravel.  On  the  Berringer  forty,  sea  4,  68-16,  a 
test-pit  seventy-two  feet  deep  has  been  sunk  at  the  edge  of  one  of 
these  gorges.  The  east  half  of  the  pit  paases  down  through  soft 
blae  hematite  from  the  depth  of  forty-eight  to  seventy-two  feet, 
while  the  west  half  of  the  pit  is  sand  and  gravel  for  the  same  dis- 
tauoe.  The  vail  of  the  ore  Is  nearly  perpendioolar  and  seemB  to 
have  been  planed  off.  A  short  distance  farther  west  there  is  a  teat< 
pit  nearly  one  hundred  feet  deep,  which  did  not  strike  anything 
bat  glacial  tilL  These  facts  are  an  indication  that  tbe  soft  or*  waa 
essentially  in  its  present  condition  at  the  time  of  the  last  glacial 
epoch. 


D,qit,zeabvG00»^lc 


STATE  OEOLOOIST. 


jOO»^Ic 


134  TWENTIETH  ANNOAL  REPOBT. 

VABIETIE8  OF  ME8ABI  IRON  OEE. 

Magnetite. 

The  ore  of  the  Bostera  portion  of  the  Mesabi  probably  owes  ita 
magnetic  properties  to  the  heat  of  the  gabbro  overflow  npoa  the 
hematiteB  which  were  deposited  in  the  rooks  at  the  time  of  their 
formation  in  the  oceanic  waters. 

Where  this  ore  ie  associated  with  the  lower  beds  of  the  Taoonic 
it  is  rather  coarsely  granalar  and  shiny.  Th?  ore  which  occars 
higher  np  in  the  horizon  is  fine  grained  and  compact,  having  a  high 
specific  gravity.  Individaal  samples  of  this  ore  show  a  high  per- 
centage of  iron  and  a  low  content  of  phoephoniB  and  ealphnr.  Un- 
fortunately it  seldom  occurs  in  beds  of  sufficient  depth  to  render  it 
valuable  without  ooncentration. 

It  is  noticeable  that  thera  ie  a  ^mall  percentage  of  magnetic 
grains  in  the  bine-black,  soft,  granular  hematite  of  the  central  por- 
tion of  the  range.  A  magnet  will  pick  oat  grains  from  a  handful 
of  this  ore  from  almost  any  test-pit  in  which  it  occars.  Its  pres- 
ence adds  somewhat  to  the  percentage  of  iron  in  the  ore  and  does 
not  prodnoe  any  deleterious  effect. 

Small  streaks  of  black,  shiny,  crumbling  grains  were  noticed  first 
in  the  test-pits  on  the  Cincinnati  property.  They  were  at  once 
seen  to  be  magnetite,  but  their  occarrenoe  at  the  depth  of  sixty 
feet  in  solid  strata  of  limonite  and  hematite  was  a  surprise.  The 
only  well  known  means  of  producing  magnetism  in  oxide  of  iron  is 
by  a  considerable  degree  of  heat.  It  is  evident  that  it  would  be 
impossible  to  apply  heat  to  a  particular  streak  a  couple  of  inches 
thick  in  the  depths  of  such  a  deposit  as  that  without  also  heating 
adjacent  strata.  Had  the  heat  oome  from  above  all  that  portion  of 
the  deposit  lying  above  this  particular  layer  would  also  be  affected 
by  it.  Had  it  been  heated  in  some  way  from  below  there  would  be 
no  hydrated  ore  left  below  it. 

There  are  three  possible  hypotheses: 

1.  There  may  be  some  way  to  render  ores  magnetic  aside  from 
heating  them. 

2.  This  streak  may  have  been  healed  and  magnetized  after  de- 
position in  its  present  position  before  the  adjacent  strata  had 
their  present  chemical  composition. 

3.  The  ore  may  have  been  deposited  here  as  magnetite  orig- 
inally. 

In  the  Tenth  Annual  Beport  of  the  U.  8.  Geological  Survey 
Prof.  Van  Hise  has  advanced  the  idea  of  the  formation  of  magne- 
tites by  chemical  procesaes  during  the  oxidation  and  concentration 
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of  iron  oarbooateB.  He  eapposes  that  in  tbe  presecoe  of  an  insof- 
fioient  amoant  of  oxygen,  siderite  may  have  been  alternd  directly 
into  magnetite.  As  a  proof  of  tbie  he  mentions  the  fact  that  some  of 
the  magnetite  ia  pseado-morphoos  after  siderite,  and  also  that  the 
hematite  and  magnetite  are  intimately  mingled  in  the  rooka  of  the 
Penokee-Gogebio  range.  He  even  states  that  it  iB  exceedingly 
probable  that  all  the  magnetite  is  of  secondary  origin  by  chemicaj 
alteration  of  siderite  at  a  low  temperature. 

In  the  case  of  the  DAesabi  m^netites  we  may  admit  that  a  por- 
tion of  the  magnetic  grains  may  hare  been  prodaced  In  this  way. 
It  is,  howeTer,  not  admitted  that  it  ie  wholly  due  to  such  Eiction. 
There  are  abnndant  evidences  that  much  of  this  iron  ore  is  an 
original  constitnent  of  the  rocks,  as  siderite,  magnetite,  or  sesqui- 
oxide  of  iron,  probably  the  latter.  Tbe  effect  of  a  gabbro  OTerflow 
would  certainly  .be  to  render  this  original  ore  magaetic,  if  it  were 
not  already  so,  and  less  liable  to  chemical  decomposition  than  the 
hematite  and  limonite.  The  magnetic  oxide  of  iron  is  its  most 
stable  natural  compound.  It  ie  often  found  unchanged  by  atmos- 
pheric agencies  in  exposed  situations  where  other  minerals  have 
been  deeply  eroded  and  considerably  decomposed.  While  the 
oxidation  of  magnetite  into  hematite  is  possible  and  has  been 
observed  in  certain  localities,  it  is  not  eo  common  as  the  series  of 
changes  from  eiderite  through  limonite  and  hematite  to  magnetite. 
Tbe  pseudomorphs  of  mi^netite  after  siderite  mentioned  above 
may  be  hematite  pseudomorphs  rendered  mBgnetic  by  heat 

One  difSculty  in  the  way  of  an  acceptance  of  the  idea  of  this 
method  of  the  formation  of  magnetite  on  the  Mesabi  ie  the  fact  that 
the  magnetic  strata  are  found  near  tbe  surface  of  the  ground  where 
all  chemical  changes  for  a  great  space  of  time  bare  been  accom- 
panied by  an  abundance  of  oxygen.  Prof.  Yan  Hise  eupposee 
that  hundreds  of  feet,  perhaps  even  thousands,  of  solid  rock  hav^ 
been  removed  by  erosion  above  the  present  surface  on  the  Fenokee- 
Gogebic  range.  There  is  strong  evidence  that  no  such  depth  of  ■ 
erosion  has  taken  place  on  the  Mesabi.  Tbe  iron  ore  beds  are 
eBsentially  surface  products,  and  do  not  occur  under  any  great 
thickness  of  rock  strata.  The  principal  agent  of  erosion  is  glacial 
action.  The  freshness  of  glacial  striie  and  the  drift  mantle  cover- 
ing the  rocks  show  that  no  postglacial  erosion  has  taken  place, 
and  it  is  not  likely  that  preglacial  erosion  was  conducted  to  such  a 
great  depth.  Moreover,  it  is  only  by  the  exposure  of  the  very 
Btrata  now  found  at  and  near  the  surface  during  all  the  ages  since 
the  gabbro  overflow,  that  such  extensive  alteration  deposits  can  be 
accounted  for.     Hence,  unless   the  presence  of  some  powerful 
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rednoing  agent  osd  be  proTen,  the  magnetic  elemeot  of  tbe  rocks 
most  be  explained  in  eome  way  which  admits  the  preeence  of  an 
excess  of  oxygen.  It  is  not  known  at  present  whether  tbe  msgnet- 
.  ite  extends  to  any  depth  ander  the  slatea  soathward  or  not  All 
the  facts  we  poBsesa  indicate  that  it  does  not.  The  beat  of  the 
gabbro  cannot  be  sapposad  to  account  for  tbe  existeooe  of  mag- 
netio  ore  in  the  rocks  twenty  miles  or  more  distant.  It  may  be 
that  simple  surface  weathering  of  long  duration  is  able  to  produce 
magnetic  oxide  from  aesqui-oxide.  It  cannot  be  derived  from  a 
carbonate,  for  the  resultant  of  surface  alteration  of  siderite  is  always 
a  seequi-oxide.  Admitting,  then,  that  further  study  is  secesBary  to 
account  for  the  magnetic  strata  in  the  rocks  between  the  Moontun 
Iron  mine  and  the  Mississippi  river,  we  must  still  afBrm  our 
belief  that  tbe  magnetic  streaks  in  the  pits  of  the  CinoinnBti  repre- 
sent ore  that  was  originally  deposited  in  the  rocks  as  a  hydrated 
seequi-oxide  and  was  rendered  magnetic  by  tbe  gabbro  overflow. 
These  streaks  represent  all  the  iron  there  was  in  the  rocks  at  that 
time.  The  effect  of  the  gabbro  eruption  was  to  elevate  the  Giant's 
range,  and  from  that  time  until  the  present  the  process  of  ore  de- 
position in  these  rocks  by  tbe  decomposition  of  carbonates,  if  any 
were  present,  and  the  replacement  of  silica  by  ferric  oxides,  has 
been  progreeeing.  Tbe  result  has  been  tbe  formation  of  large 
deposits  of  pure  ore  in  which  the  magnetite  layers  are  interbedded 
with  the  more  recent  non-magnetic  ores. 

The  Utaniferou3  magnetiies  have  already  been  mentioned.  They 
occur  in  the  gabbro,  and  are  valueless  at  present  Their  manner 
of  occnrrence  and  chemical  composition  are  described  fnlly  in 
Bulletin  No.  6,  Minn.  Geol.  Surv. 

G<ETHITE. 

This  ore  ia  the  first  to  be  fonnd  below  the  glacial  drift  in  many 
test  pits  on  the  Hale,  Kanawha,  Cincinnati,  Canton  and  Biwabik. 
Jtt  is  soft,  homogeneons  yellow  ore  and  occurs  in  layers  several  (six 
to  twenty)  feet  in  thickness.  It  was  at  first  called  limosite,  but  ita 
high  percentage  of  iron,  as  revealed  by  eevdral  analyses,  together 
with  tbe  large  amount  of  combined  water  showed  that  it  is 
goethite.  As  a  mle  it  is  non-bessemer.  It  is  called  "yellow  ochre" 
by  the  miners  and  is  frequently  thrown  out  as  poor  ore.  Its  com- 
position when  absolutely  pure  is  sesqui-oxide  of  iron  89.9,  water 
10.1,  metallic  iron  62.9.  It  occurs  in  such  large  quantities  on 
this  range  that  the  term  "Mesabite"  may  appropriately  be  applied 
to  it  to  distinguish  it  in  the  iron  trade.  Tbe  following  analyses 
show  its  purity: 

Berringer  yellow  ochre,  Iron  60.65,   Phos.  .070. 
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Canton' yellow  ochre,  Iron  60.65,  SiO,  2.09,  Phoe.  .105, 
Comb.  HjO  8.04.    Free  H,0  9.86. 

Canton  yellow  ochre,  Iron  60.75,  SiOj  1.85.  Phoa.  .065,  Comb. 
H,0  10.05.    FreeH,0  12.77. 

Canton  yellow  ochre.  Iron  60.90,  SiO,  4.85,  Phoa.  .029.  Some 
analyees  indicate  61 . 5  per  obnt  of  iron. 

This  ore  will  perhaps  be  of  more  value  for  the  mannfsottire  of 
mineral  paints  than  for  nee  in  the  fnmftce.  It  can  be  obtained 
cheaply  and  in  large  quantities. 

LmONITE. 
Hard  masses  and  layers  of  brown  hematite  are  foand  in  many  pits 
on  the  Mesabi.  The  ore  is  inclined  to  be  siliceone  and  rather  high 
in  phoBphoras.  Many  oavities  are  lined  or  filled  with  grape  and 
pipe  limonite  ore.  It  seenis  to  occur  in  portions  of  the  ore  bodies 
where  considerable  streams  of  water  flow,  continually  or  at  certain 
seasons  of  the  ye  ar,  through  the  rocks  and  ore.  Only  a  small 
percentom  of  all  the  oie  in  any  mine  so  far  discovered  has  been 
shown  to  be  of  this  mineral.  It  is  perhapa  the  least  valnable  of 
any  except  the  titaniferous  ores  on  the  range. 

Hevatite. 

By  far  the  larger  part  of  Mesabi  ores  are  hematites,  aa  the  term  is 
Qsed  by  mineralogists,  t.  e.,  anhydrous  aesqui-ozide  of  iron,  whether 
hard  or  soft,  crystalline,  massive  or  earthy,  red,  blue,  purple,  brown, 
green  or  black.  All  varieties  and  all  textures  occur  on  this  new 
range.  The  variation  in  appearance  is  remarkable,  but  the  uni- 
formity of  oomposition  is  equally  so.  It  is  only  after  considerable 
experience  in  the  ores  of  the  range,  and  a  careful  examination' of 
each  variety  by  a  hand-glass  that  the  ore  expert  can  tell  which  ore 
is  the  best  and  approximate  its  percentage  of  superior  excellence. 
To  be  sure  there  are  high  and  low  grade  ores  here  as  on  any  other 
range,  but  samples  of  ores  of  at  least  ten  totally  different  macro- 
scopic characteristics  can  be  selected  that  will  not  vary  two  per 
cent  in  iron  content.  The  process  of  ore  formation  here  has  been 
a  discriminating  and  selective  process,  and  has  prt^ressed  regard- 
less of  color,  harduess  or  texture. 

The  best  grade  of  hematite  is  the  blue-blsck  soft  ore  found  at 
many  of  the  mines.  Where  this  ore  is  in  perfectly  crystalline 
grains  which  possess  little  adherence  to  each  other  and  will  not 
"pack"  in  one  s  hand  as  do  the  more  earthy  ores,  the  percentage  of 
iron  reaches  almost  absolute  parity.  One  sample  of  thirty  feet  of 
this  ore  from  pit  No.  IS  on  the  Biwabik,  taken  by  E.  P.  Jennings, 
yielded  an  analysis  of  67.90  per  cent,  iron,  1.8  per  cent,  silica  and 
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.016  per  cent. -pboBpboraB.  Sach  ore  m  tliat  is  not  excelled  any- 
where. It  is  this  exceedingly  pore  ore  that  brings  ap  the  average 
of  Meaabi  ores.  Withoat  it  there  are  Beveral  propertiea  which 
wonld  be  non-bessemer ;  with  it  they  are  a  good  bessemer. 

The  general  order  of  BUGceasion  of  the  varioaB  kinds  of  ore  is  in- 
dicated by  the  plates  of  sections  (Plates  I,  II,  III,  IV,  V)  from 
the  Biwabik,  fnrnished  me  by  Mr.  Jna  T.  Jones  and  P.  L.  Eim- 
berley. 

Makqaniferods  Ores. 

Black  oxide  of  manganese  is  found  in  hard  and  soft  streaks  in 
the  ore  of  many  mines  on  the  range.  As  yet  it  has  not  been  found 
in  safficient  quantities  to  guarantee  any  considerable  production  of 
manganese  ore  or  manganiferons  iron  ore.  It  will  be  strange,  how- 
ever, if  some  each  ore  is  not  produced  from  the  range,  since  so 
many  indications  are  met  with,  and  the  conditions  are  so  favorabla 
for  its  accumulation.  Moreover,  such  ore  is  mined  in  limited 
quantity  on  the  Penokee-Oogebic  range,  which  is  the  undoubted 
equivalent  of  the  Mesabi. 

ORIGIN  OF  MESABI  ORES. 

In  Bulletin  No.  6,  on  the  Iron  Ores  of  MinaeBota,  the  idea  was 
advanced  that  the  bands  of  ore  found  interetratified  with  the  Xa- 
conic  rocks  of  the  Mesabi  are  due  to  oceanic  precipitation  as 
bydrated  seequi-oxides  at  the  time  the  sediments  were  deposited. 
Sulwequent  pressure  and  heat  are  supposed  to  have  dehydrated 
the  ores  and  the  gabbro  outburst  to  have  rendered  them  magnetic. 
This  idea  is  still  maintained  and  has  been  strengthened  by  recent 
observations.  But  it  accounts  for  only  one  portion  of  the  Mesabi 
oresf  Those  original  bands  of  iron  were  of  limited  thickness  and 
were  interstratified  with  rock  material.  Th6  ore  deposits  recently 
discovered  have  none  of  these  rock  strata  left.  They  were  either 
never  present  or  have  been  removed.  On  page  146  of  the  report 
referred  to  above  is  also  found  the  following  statement: 

"We  are  quite  ready  at  this  time  to  adopt  the  theory  that  has 
been  referred  to  originating  with  Prof.  Edward  Hitchcock,  and 
more  recently  adopted  by  Prof,  J.  D.  Dana  and  Prof,  R.  D.  Irving, 
that  these  carbonated  beds  may  be  changed,  and  have  been,  on  a 
large  scale  in  the  Taconic  rocks  of  New  England  and  of  the  Peno- 
kee-Gogebic  range,  by  ingltrating  waters,  that  their  alkaline  con- 
stituent has  been  carried  away  and  their  iron  has  been  redeposited 
or  concentrated  in  a  residual  condition  as  ferric  oxides,  and  that  by 
this  concentration  large  beds  of  iron  ore  have  been  formed.     It  is 
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beoauBe  of  this  that  we  state  oar  belief  tliat  poBaibly  important 
beds  of  limonite  or  bematite,  originating  in  this  way,  may  yet  be 
foand  in  the  Taconic  region  of  Minnesota,  the  parallel  of  those 
that  hare  recently  been  opened  np  in  northern  Wisconsin."  Thie 
ia  a  partial  statement  of  the  theory  adopted  by  the  writer  for  the 
ore  depoeits  under  diecnssion.  From  carefnl  personal  examins- 
tioD  of  the  work  on  all  parts  of  the  Mesabi  during  its  entire  process 
of  development,  the  idea  has  become  stronger  and  more  firmly  fixed 
in  his  mind  that  these  deposits  are  mainly  due  to  chemical  altera- 
ation  and  replacement  of  some  mineral  by  oxide  of  iron..  There  is  s 
general  harmonyof  facts  and  phenomena  observed  which  go  tosap- 
portthis  idea,  and  which  apparently  are  not  in  consonance  with 
any  other  theory.  The  nsnal  conditions  existent  at  the  different 
mines  on  the  range,  bo  tar  as  they  have  been  exploited,  are  the  fol- 
lowing : 

1.  There  is  a  deposit  of  ore  sitaated  on  some  hillside  or  in 
some  basin. 

2.  This  ore  is  regularly  stratified. 

3.  The  planes  of  stratification  dipping  less  than  30°  pass  from 
the  ore  into  and  through  the  banded  jaspery  qnartzyte  or  taoonyte 
horizon  in  three  directions  and  occasionally  on  all  four  sides.  . 

4.  The  ore  strata  correepond  in  texture  with  the  rock  strata 
which  appear  to  be  their  continuation. 

5.  Underlying  the  ore  ie  asually  a  qnartzyte  horizon. 

6.  Jost  beneath  the  ore  this  qaartzyte  is  decomposed  into  a 
ornmbliiig  sandstone,  but  it  becomes  vitreoos  a  few  feet  below. 

7.  Thie  qnartzyte  is  impervious  and  presents  an  absolnte  bar. 
.rier  to  surface  infiltration.  This  fact  is  shown  (1)  by  miorosoopio  . 
examination  of  the  vitreous  qnartzyte,  (2)  by  test-pits  sunk  into 
it,  (3)  by  the  large  amount  of  surface  water  in  tbe  ore  as  the 
boundary  between  the  ore  and  qnartzyte  is  approached.  The  ore 
is  porous  and  permits  the  water  to  filter  through  it  Test-pits  are 
sunk  throngh  dry  ore  to  the  depth  of  nearly  one  hundred  feet, 
where  the  ore  body  covers  a  considerable  area,,  bat  wAter  in  large 
quantity  is  invariably  encountered  a  few  feet  atwve  the  qnartzyte. 

Exceptional  occurrences  which  tend  still  further  to  prove  the  re- 
placement theory  are,  (1)  the  existence  of  deposits  of  half  ferrified 
rooks  with  ore  in  bends  and  in  isolated  centers  of  deposition.  In 
each  situations  the  process  of  ore  production,  or  natural  mannfac- 
tore,  so  to  speak,  can  be  observed  in  all  stages  of  progression.  (2) 
The  occurrence  of  knolls  of  taconyte  lying  on  top  of  the  ore  de- 
posits, having  been  above  the  course  of  the  chemical  percolations, 
and  thus  having  remained  unaltered. 
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It  is  a  fact  confirmed  by  abnndaot  obeerTatioo  that  the  iron  ore 
occurs  precisely  at  tbe  tacooy  te  horizoD.  It  lies  neither  aboTe  nor 
below  it,  bat  in  it.and  of  it  It  is  natural  that  the  process  of  this 
tranaformation  into  ore  ebonld  be  limited  by  the  local  environ- 
ments.  If  the  angle  of  the  slope  down  which  surface  waters  have 
flowed  be  too  steep  or  too  flat  there  is  no  resultant  ore  body,  if  it  is 
moderate  the  ore  deposit  may  have  been  produced  to  a  great  depth 
and  width.  If  the  basal  qaartzyte  comes  to  the  surface  at  the 
upper  side  of  the  slope  the  atmospheric  waters  appear  to  have 
flowed  down  along  the  line  of  separation  between  the  taoonyte  and 
qnartzyte.  In  this  oaae  it  may  happen  that  the  process  of  replace- 
ment extended  bat  a  short  distance  above  the  quartzyte  and  there 
may  be  an  unaltered  capping  of  taconyte  above  the  ore.  If  the 
hill  Bide  and  top  are  covered  with  the  jaspery  quartzyte  and  banded 
ore  formation  the  infiltrating  waters  aometimes  aeem  to  have  worked 
a  change  downward  into  these  rocks  and  there  may  or  may  not  be 
an  unaltered  remnant  of  the  taoonyte  horizon  below,  according  to 
the  original  thickness  and  the  natural  facilities  tor  chemical  action. 

There  is  even  a  third  case  seen  on  the  Chicago  property,  in 
which  a  body  of  soft  ore  nine  feet  thick  has  been  produced  in  the 
tacobyte  formation,  and  is  seen  graduating  into  the  hard  banded 
rock  on  all  sides. 

The  process  of  replacement  is  of  two  or  three  varieties.  CSertain 
sb-ata  aeem  to  be  more  easily  terrified  than  others,  and  instancee 
are  common  where  the  wavy  line  of  f  erruginization  is  seen  encroach- 
ing upon  the  blue  or  gray  unaltered  taconyte.  This  may  often  be 
followed  in  a  single  band  sample  from  taconyte  to  ore,  while  the 
stratification,  texture  and  often  appearance  remain  the  same.  The 
remarkable  part  of  it  is  that  all  the  original  mineral  elements  have 
gone  and  the  result  is  such  pure  oxide  of  iron.  There  is  much 
silica  of  a  cbalcedonic  or  amorphous  nature  in  the  taconyte,  and 
eccosionally  layers  of  quartzyte,  bat  all  these  can  be  observed  in 
the  actual  process  of  replacement  by  iron  ore. 

On  the  Cincinnati  property  it  even  appears  that  some  of  the  basal 
quartzyte  has  been  replaced  by  iron  oxide.  Bamples  taken  from 
here  show  a  complete  transition  from  qnartzyte  to  iron  ore.  In 
some  of  the  intermediate  samples  the  individual  grains  can  be  eeen 
in  all  stages  of  removal.  There  are  many  encased  in  a  ebell  of 
hematite,  which  can  be  seen  increasing  ^  tbioknesB  until  on  break- 
ing the  black  grain  no  white  silica  grain  is  found.  It  has  all  Iwen 
removed.  With  a  specimen  of  this  sort  in  hand  it  is  impossible  to 
doubt  that  here  is  as  instance  of  the  removal  of  silica  and  its 
replacement  by  aesqui-oxide  of  iron. 
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Still  another  proof  is  foand  in  the  natare  of  the  transition  baek 
f^ain  from  ore  to  the  taconyte  on  the  lower  edge  of  the  deposits. 
This  has  already  been  referred  to  under  the  head  of  "Mode  of 
Oocorrence  of  the  Ore."  If  this  ore  be  not  a  replacement  prodnct 
it  mast  coutinne  anderneath  the  rocks  belonging  higher  up  in  the 
formation  and  will  ultimately  be  mined  to  a  great  depth.  There 
is  no  absolate  proof  that  this  is  not  so.  On  the  Biwabik  and  Gin- 
cinnati,  however,  the  ore  is  seen  to  degenerate  and  pass  into  a  low 
grade  ore  and  then  into  "paint  rock"  and  £nally  into  theregnlar 
banded  taconyte  horizon  on  the  southern  edge. 

There  have  been  reports  of  the  discovery  of  soft  ore  at  great 
depths  under  the  slates  to  the  south  of  the  present  deposits,  but 
these  reports  are  not  as  yet  authenticated.  Even  if  they  should  be  at 
one  or  two  places  in  the  basins  of  lakes  like  the  Embarrass  it  would 
not  weaken  the  replacement  theory.  For  it  is  only  natural  that  the 
effect  of  a  body  of  water  pressing  downward  through  and  into  a 
series  of  soft  slates  would  have  some  softening,  oxidizing  and  dis- 
integrating effect.  The  carbon  of  the  graphitic  slates  would  be 
dissolved  and  silica  removed  by  it  so  that  replacement  deposits 
might  be  formed  in  such  a  place  even  at  a  depth  of  five  hundred 
feet  It  should  be  mentioned,  moreover,  that  the  glacial  drift  ex- 
ceeds one  hundi-ed  feet  in  depth  on  the  southeast  shore  of  Embar- 
rass lake  and  may  be  twice  as  deep  in  the  lake  basin.  This  would 
make  the  actual  depth  from  surface  influences  very  much  less 
and  increase  the  likelihood  of  an  ore  deposit. 

In  searching  for  an  explanation  of  this  process  of  replacement 
we  are  met  with  many  puzzling  questions,  and  it  is  juatas  well  to 
admit  that  more  study  is  necessary  for  their  eolntiou.  What 
started  this  process?  How  could  so  much  quartz  be  removed? 
What  has  become  of  it?  Where  did  all  the  iron  come  from? 
These  and  many  other  questions  have  presented  themselves  time 
and  again. 

It  has  been  advocated  that  the  iron  ore  of  the  Gogebic  range 
was  originally  in  the  form  of  a  carbonate  which  in  the  process  of 
oxidation  yielded  the  necessary  solvent  tor  the  quartz.  Wa  find 
some  traces  of  carlranates  of  lime  and  iron  in  the  Mesabi  rooks, 
but  it  does  not  appear  in  snfScient  quantity  to  permit  the  assnmp- 
tiou  that  the  ore  was  originally  a  carbonate.  There  are  not  yet 
discovered  any  considerable  non-oxidized  carbonaceous  portions  of 
the  rocks  associated  with  the  ores,  except  in  the  more  recent  slates 
of  the  Animikie,  which  are  now  found  further  south.  It  does  seem 
probable,  however,  that  the  solvent  for  the  silica  was  carbonic  acid 
in  aqueous  solution,  and  its  early  source  may  have  been  (1)  the 
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ahnosphere,  (2)  the  black  slates,  vbioh  may  have  ooTered  the  ore 
horisun  at  one  time  and  have  einoe  been  eroded.  (3)  Here  recently 
decaying  vegetatioD  moat  have  enpplied  a  oonsiderable  amoant. 

The  amoant  of  oarbonio  aoi'i  gas  in  the  atmosphere  at  the  begin- 
ning of  Silurian  time  is  stated  by  different  writers  to  have  been' 
far  greater  than  at  present  It  is  sapposed  that  the  Oarbosiferoas 
was  a  period  of  dense  atmospheres  and  warm  temperatoree.  Dana 
states  that  in  Archsean  time  the  effects  of  carbonic  acid  most  have 
been  mnoh  greater  than  now  owing  to  ita  mooh  latter  propcution 
in  th*)  atmosphere  and  Uiat  it  has  gradually  diminished  in  quantity 
ap  to  the  present  time.  He  states  afcer  Hont  that  the  excessive 
proportion  of  carbonic  acid  in  the  atmosphere  was  the  most  efficient 
of  bII  agents  in  rock  destruction.  Manual  of  Geology,  p.  156.  T. 
8.  Hunt  states  that  "all  carbonates  of  lime,  whether  directly  formed 
by  the  decay  of  caloareons  silicates  or  indirectly  through  the  inter- 
T^tion  of  parbonates  of  manganese,  or  alkalies,  derive  their  car- 
bonic dioxide  from  the  atmosphere.  The  same  must  be  said  for  the 
dolomites,  magnesites  and  siderites,  *  *  *  the  earth  contains 
fixed  in  the  form  of  carbonates,  a  quantity  of  carbonic  dioxide, 
which  if  liberated  in  a  gaseous  form,  would  be  equal  in  weight  to 
one  hundred  if  not  two  huudred  atmospheres  like  the  present" 
Min.  Ptays.,  pp.  37-38.  Here,  then,  may  be  the  explanation  of  the 
removal  of  silica  in  such  large  qoantity.  IE  the  rooks  which  pro- 
duced the  present  iron  ore  deposits  have  been  uplifted  and  exposed 
to  surface  action  since  primordial  time,  the  carbonic  dioxide  used  in 
the  removal  of  silica  must  have  been  derived,  at  least  in  part,  from 
tlie  atmosphere.  This  process  would  have  been  carried  on  to  a 
oonsiderable  depth,  and  may  have  produced  an  appreciable  effect 
even  below  several  hundred  feet  of  sediments  which  may  have 
since  been  eroded. 

Bat  if  these  iron  bearing  strata  were  ever  covered  by  the  slates 
which  belong  above  them,  we  can  find  an  abundance  of  tcarbon  in 
these  very  black  slates,  and  though  it  is  not  uow  in  the  form  of 
carbonates,  yet  the  action  of  surface  waters  wonld  be  such  as  to 
extract  sufficient  to  make  a  carbonic  acid  solution  powerful  enough 
to  take  iroD  and  silica  into  solution.  Moreover,  Hunt  says  "the 
removal  of  silica  in  soluble  form  d'lea  niit  depend  od  the  interven- 
tion of  alkalies."  And  the  carbon  in  the  graphitic  Animikie  slates 
may  have  been  atearlier  times  in  some  form  more  readily  takeo  into 
solution.  Having  thus  hinted  at  an  answer  to  the  first  two  or  three 
qaestions  which  naturally  arise  in  this  connection,  let  ns  consider 
another  one. 
10b 
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What  has  beoome  of  all  the  nlica  sappoeed  to  have  been  re- 
moved from  the  present  location  of  the  iron  ores? 

The  answer  to  this  is  short  It  was  re-depoBited  in  Ute  rocks  ly- 
ing below  and  farther  down  the  slope.  (L)  There  is  need  of  a 
'sonroe  for  an  endrmons  amonnt  of  silica  which  has  been  added  to 
the  grains  of  qaartz  in  the  qnartzyte,  making  it  vitreoas  and  filling 
all  interstitial  spaces.  (2)  There  are  oonsidersble  amoanta  of 
ohaloedonio  and  flinty  silioa  foaod  associated  with  the  qnartzyte, 
and  in  the  other  rooks  associated  with  the  ores.  This  silioa  may 
be  largely  from  a  different  source,  but  it  may  be  partially  derired 
from  the  leaching  of  the  ore  beds.  (3)  There  are  deposits  of  silica 
in  all  the  cracks  and  fissures  of  the  slates  which  lie  at  a  lower  ele* 
nation  bat  atratigrsphically  above  the  ore  horizon.  Test-pits,  for 
instance,  on  the  Boaohlean,  south  of  the  Biwabik,  encoontered 
black  Blstes  and  (oand  no  ore.  These  slates  had  been  more  or  less 
jointed  and  the  joints  were  filled  by  a  bluish  silioa,  sometimea 
mammillsted,  soQie^imeB  droey.  It  is  apparent  to  an  observer  that 
the  most  natoral  sonroe  for  this  silioa  is  in  the  ore  deposits  farther 
ap  the  hill  to  the  north.  Fatore  researches  will  throw  more  light 
on  this  sabject,  and  will  perhaps  show  other  ways  in  which  the  re- 
moved silica  has  been  reHJeposited. 

.  Aa  for  the  soarce  of  the  iron,  it  is  t>elieved  to  have  been  lai^^y 
the  reantt  of  ooeanio  deposition,  Iwth  chemical  and  mechanical,  and 
to  have  been  simply  oouoentrated  in  its  present  sitaations. 

There  was  also  a  removal  of  iron  in  eolation.  It  was  broaght 
down  to  supply  the  places  whence  the  silica  was  taken.  These 
solations  followed  the  natoral  drainage  coarsea.  Elevation  ot  the 
strata  produced  general  jointing.  The  rocks  on  top  of  an  elevated 
knoll  were  cvached  foil  of  jointB,  and  the  waters  had  free  and 
abundant  opportunity  to  percolate  downward  even  in  some  places 
where  the  slope  was  not  Buffioient  to  aooomplieh  it  otherwise.  The 
iron  nowi  tieing  mined  may  formerly  have  been  disseminated 
through  rocks  now  completely  removed  by  erosion. 


QUALITY  OF  MESABI  IBON  ORE. 

For  some  unknown  reason  the  opinion  prevailed  tor  several 
months  after  the  discovery  of  many  of  the  best  mines  on  the  range, 
that  the  ore  wasof  inferior  quality.  This  may  have  been  dne  to  false 
reports  purposely  circulated  by  those  who  had  no  desire  to  see  a 
new  range  discovered  and  exploited  in  competition  with  the  mines  in 
which  they  were  interested ;  or  it  may  have  been  due  to  honest  but 
incorrect  sampling.     Each  addition  to  the  family  of  lake  Superior 
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mm  rangeB  ie  received  more  unkiodly  by  the  older  brothers  and 
BisteTB.  Dame  N&ture  eepms  to  hare  bestowed  her  best  favors  on 
her  youngest  ohUdreo.  The  Yermilion,  Gogebio  and  Mesabi  ranf^es 
have  each  is  tarn  revealed  newer  and  greater  riobes:  It  was  with 
extreme  relnotanoe  that  the  proprietors  of  mines  in  other  districts 
recognized  the  importance  of  the  MesnbL  Indeed  they  have  not 
yet  done  so,  nor  will  they  nntil  next  year,  when  the  ore  finds  its 
way  to  the  markets  and  fnmaces  of  the  East 

It  is  true  that  the  first  test^  pits  were  sank  on  the  thin  apper  edge 
of  the  ore,  and  the  upper  strata  are  not  so  rich  as  those  lower  and 
farther  down  the  slope  on  which  the  deposits  lia  The  analyses 
first  obtained,  however,  were  snfBoient  to  convince  an  anprejodiced 
person  of  the  importance  of  the  new  district.  The  average  of  a 
large  namber  of  samples  taken  in  January  and  Febraary,  1892,  in- 
dicated that  the  ore  wonld  yield  about  sixty  per  «ent  metallio  iron 
and  that  seventy-five  per  cent,  of  it  wonld  be  within  the  beesem^ 
limit  as  to  phosphoms.  Since  then  the  test-pits  have  been  in- 
oreased  in  depth  and  number  and  the  quality  of  the  ore  taken  oat 
has  improved,  as  will  be  seen  from  the  analyses  which  follow. 
There  iias  been  Still  farther  improvement  since  these  samples 
were  taken. 

Method  of  Sampling. 

The  most  reliable  samples  are  "  pit  samples."  The  usoal  method 
of  obtaiutDg  them  is  by  standing  in  a  barrel  or  bnoket,  pick  in  hand, 
and  while  being  lowered  from  the  top  to  dig  ont  a  groove  in  the 
side  of  the  pit  from  top  to  bottom,  lettiDg  the  ore  fall  into  the  bar- 
rel. Upon  reaching  the  top  the  ore  is  broken  into  small  fragments 
if  it  ia  not  already  fine,  and  carefully  mixed  aud  quartered  down  to 
a  sample  of  eight  or  ten  pounds  Taken  in  this  way  the  samples 
shonld  fairly  represent  the  ore  that  will  be  shipped  from  that  pit 
All  the  bard  layers  must  be  grooved  ont  as  deeply  as  the  soft  ones, 
tor  the  percentage  of  iron  may  vary;  and,  of  coarse,  sand  streaks 
must  be  included,  for  they  oanuot  be  eliminated  in  mining.  It  is 
remarked  by  all  new-comers  that  the  ore  has  a  sandy  appearance 
and  feel.  There  are  occasional  small  streaks  of  sand  in  it,  and 
near  the  l>ottom  small  grains  of  white  silica  are  common,  and  can 
be  seen  by  a  hand  glass.  Analyses  are  anrprising  to  these  ore  ex- 
perts as  revealing  but  a  small  per  oenL  of  silica.  The  sandy  feel 
'  is  due  to  the  nature  of  the  ore,  which  is  largely  made  up  of  crystal- 
line grains  of  hematite. 

The  habit,  quite  general  on  the  range,  of  dumping  successive 
bucket-falls  of  ore  on  a  circular  stockpile  and  spreading  it  around 
evenly  renders  dump  samples  rather  unreliable.    It  is  evident  that   , 
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the  laat  ore  mined  is  oo  the  top  of  the  dump,  and  aa  it  is  not  feas- 
ible to  dig  to  the  oeDter  of  a  damp  twenty  or  thirty  feet  soroea,  the 
sample  taken  will  represent  bat  a  part  of  the  ore  penetrated  by  the 
pit.  To  be  Bore  the  sample  is  as  likely  to  vary  one  way  as  the 
other,  bat  it  is  not  satiafaotory  onless  the  pit  is  quite  uniform  or 
the  or^  has  been  divided  as  it  was  taken  oat 

The  foUowing  table  of  analyses  does  not  do  fall  jostioe  to  all  of 
the  mines  represented.  Ttie  Berringer,  Canton,  Lake  Saperior, 
Lone  Jack  and  New  England  have  already  made  developments 
showing  a  higher  grade  of  ore,  and  there  is  no  donbt  that  some  of 
the  others  will  improve  with  farther  development. 

Analyses  of  Mesabi  Ibon  Orbs. 
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COMPARISON  WITH  OTHER  ORES. 

Until  tiiere  shall  have  been  a  Isige  oonsamptioa  of  the  Meeabi 
ores  it  will  be  impOBsible  to  tell  exactly  hour  they  oompare  in  all 
reepeotB  with  the  ore  oC  other  diBtriets.  There  are  high  and  low 
grades  of  ore  on  all  ranKee,  and  the  average  tonnage  pnrity  of  an 
entire  range  hsB  never  been  determined.  By  this  is  meant  the 
average  qaality  of  the  ore  taking  into  consideration  the  nnmber  of 
tons  of  eaoh  grade  mined.  Some  idea  of  the  comparative  ezcel- 
lenoe  of  Meaabl  ores,  howerer,  can  be  gained  by  a  coneideratioa  of 
the  analyees  already  given  and  the  actdal  results  obtained  in  other 
instances. 

The  ontpnt  of  the  Minnesota  Iron  Company  from  the  Yermilion 
range  in  1891  is  classified  in  the  following  tabl&  This  ore  is  well- 
known  as  some  of  tbe  finest  hard  hematite  obtainable,  and  yet  only 
forty-seTen  per  cent  of  the  product  was  bessemer. 
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Table  Showing  Product  of  the  Minnbbota  Iron  CJompani 
IN  1891. 
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Pickande,  Mather  and  Co.,  the  Cleveland  ageats  for  these  grades 
of  ore,  give  the  following  average  analyses  for  1891,  and  guaran- 
tees for  1892. 
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In  1691  the  Chandler  mine  prodaoed  il64,993  tona  of  Ohandler 
ore  and  20,873  tona  of  Long  Lako  ore.  The  entire  product  of  this 
mine  is  besBemer.  In  some  re&peota  this  is  the  greatest  mine  in 
the  world.  ^  Occapying  but  eighty  acres  its  prodaotion  for  1892 
will  be  nearly  650,000  gross  tona  of  remarkably  nniform  ore.  Cargo 
after  cargo  is  sampled  at  Cleveland  that  will  not  vary  half  of  one 
per  cent,  in  iron  content.  Under  the  able  direction  of  Joseph  Sell- 
wood  the  ooat  of  mining  has  been  redaced  to  leaa  than  $1.00  per 
ton  at  the  depth  of  450  feet  It  is  believed  that  there  is  a  profit  of 
$1.00  per  ton  on  this  ore,  providing  it  brings  $4.85  at  Cleveland, 
as  it  is  said  to  have  done  in  1892.  This  eatimate  is  baaed  on  the 
toUowing  detaila: 

Coat  of  Mining, $1.00 

Boyalty,        - .35 

E.  K  Freight  to  Two  Harbors,  -        -        -  1. 00 

Late  Freight  to  Cleveland,  -        -        -        -      1.20 

Inanranoe,  Commission,  etc.,      -        -        .        -  .25 

$3.80 
These  fignres  are  approximate  and  are  given  merely  for  the  sake 
of  indicating  the  entire  feasibility  of  mining  at  a  profit  on  the 
Mesabi,  where  the  cost  of  mining  will  be  ooneiderebly  less  than  at 
the  Chandler,  with  higher  royalties. 

The  average  of  the  analyses  given  of  the  Biwabik  ore  indicatea 
that  in  qnality  it  is  nearly  eqnal  to  the  Chandler  ore.  If  the  ex- 
pense of  placing  it  on  the  oar,  including  royalty,  were  eqnal,  there 
wonld  be  a  slight  difference  [eqnal  to  the  freight  from  Ely  to  Tow- 
er, perhaps]  in  favor  of  the  Biwabik.  It  might  even  be  possible  to 
sell  the  ore  at  $4.00  per  ton  and  still  have  a  nice  profit.  If  in  ad- 
dition to  this  there  are  any  other  direotioDS  in  which  the  Biwabik 
ore  can  be  produced  more  cheaply  than  the  Chandler,  snob  aa 
smaller  mining  coat,  there  ia  ao  maoh  more  profit  Xhia  point  will 
be  discoaaed  later. 

The  analyses  of  certain  standard  grades  of  ore  from  the  other 
lake  Superior  ranges  is  given  in  the  following  table. 
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Analyses  op  Lake  Superioe  Ibon  Obes .• 
marquette  distbiot, 
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It  will  be  noticed  that  the  average  of  the  gradeB  given  is  higher 
in  iron,  bat  aleo  higher  in  phosphoras  than  that  of  the  large  iiam> 
ber  of  eamplea  of  Mesabi  ore  in  the  foregoing  table.  It  is  not 
claimed  that  this  average  is  a  correct  one  of  the  product  of  the 
ranges  represented,  bat  it  b  claimed  that  it  is  similar  to  the  aver- 
age obtained  from  the  various  Mesabi  analyses,  and  the  compara- 
tive high  grade  of  the  latter  ores  is  shown  thereby.  It  is  unlikely 
.  that  any  ore  will  ever  be  shipped  to  Cleveland  of  as  low  grade  as 
the  lowest  in  the  table,  but  it  is  certain  that  there  will  be  grades 
of  Mesabi  ore  aa  low  in  phosphorus  and  as  high  as  or  even  higher 
in  metallio  iron  than  any  hematite  ore  in  the  list,  and  that  in  large 
qoantity. 

It  is  hardly  neoesaary  to  refer  to  the  fact  that  eonthem  oree  are 
very  much  lower  grade  than  lake  Superior  ores.  Their  proximity 
to  the  coal  fieldandthefnrnaceis  the  only  feature  that  enables  them 
to  compete  with  the  northern  ores  at  present,  and  if  an  nnlimited 
amoant  of  high  grade  take  Superior  ore  can  be  profitably  deposited 
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in  Olevelaod  at  a  redaction  of  fifty  oeuta  per  ton  below  the  present 
market  price,  most  of  the  southern  farnaoes  will  be  forced  to  bob- 
pend  operations. 

From  recent  experiments  in  13  ew  York  and  New  Jersey  it  appears 
probable  that  a  large  amount  of  concentrated  iron  ore  may  be  pnt 
npon  the  market  in  the  next  few  years  and  become  an  active  and 
important  competitor  of  the  lake  Superior  district  It  is  also  re- 
liably reported  that  the  SiftuA  and  Juragua  districts  of  Caba  will 
soon  ahip  several  hundred  thousand  tons  per  annum  of  high  grade 
ore  to  this  country,  and  that  they  can  do  it  at.  a  profit  with  the 
present  duty  of  75  oeuta  per  ton.  When  shipped  to  this  country 
for  manufacture  and  exportation,  foreign  ores  may  obtain  a  rebate 
of  the  tariff  paid  for  importation.  This  will  be  done  to  a  consider- 
able extent  in  the  future. 

All  these  facts  indicate  that  the  price  of  beseemer  ore  will  tend 
to  be  lower  rather  than  higher,  and  Mesabi  mine  owners  may  well 
be  congratulated  that  to  the  excellent  quality  of  their  ore  is  added 
the  combination  of  great  abundance  advantageously  situated  for 
very  cheap  mining. 

METHOD  OF  PROSPECTING. 

There  is  nothing  particularly  novel  or  original  in  the  manner  in 
which  proBpeoting  is  conducted  on  the  MesabL  An  illostratioD  in 
Agrioola's  De  Be  Metallica  of  a  test  pit  in  the  sixteenth  century 
shows  a  windlass  operated  by  a  crank  at  each  end  almost  identical 
with  those  employed  here  three  hundred  years  later.  The  ancients 
osed  two  buckets  to  save  time  and  labor  in  hoisting.     Fig.  7. 

The  pits  are  rectangular  and  vary  greatly  in  diameter.  They 
are  seldom  timbered  below  the  top  of  the  ore  unless  very  deep  and 
wet.  Daring  the  winter  time  pits  are  sunk  in  favorable  situations 
to  the  depth  of  more  than  one  hundred  feet  with  pick  and  shovel 
unaided  by  a  single  drill  hole  or  blast  of  powder.  In  the  spring, 
however,  surface  water  bothers  greatly  and  pomps  are  needed.  At 
times  there  are  strata  of  hard  ore  or  a  capping  of  rook  to  be  pene- ' 
trated.     Drilling  and  blasting  are  then  resorted  to. 

The  ore  is  hoisted  out  in  buckets  and  piled  up  around  the  month 
of  the  pit  in  a  circular  dump  or  stock  pile.  Plate  No.  Y.  is  an  illos- 
tration  of  a  windlass  and  dump.  When  the  pit  is  more  than  one 
hundred  feet  in  depth  the  operation  of  hoisting  by  hand  is  a  very 
slow  one,  EUid  a  "bent"  is  sometimes  arranged  for  hoisting  by  horse 
power  and  damping  into  a  tram  car.  This  method  was  first  em- 
ployed on  the  Mesabi  at  the  Biwabik  in  the  northeast  drift  at  pit 
Na  16.     On  Plate  No.  Y.  is  also  an  illustration  of  the  bent 
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I£  the  ore  deposit  lies  ia  a  rock-rimmed  basin  there  is  oouaider- 
able  water  in  the  ore.  If  it  lies  on  a  hillside  and  is  of  coDsidm^ble 
extent  the  water  filters  down  throDgh  the  ore  to  the  basal  qnartzyte 
and  the  apper  part  of  the  ore  body  is  qoite  dry  even  in  very  wet 
seaaoDB.     From  this  it  follows  that  the  presence  of  water  in  an  ore 
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pit  is  simply  an  indication  that  it  cannot  get  away,  while  its  absence 
is  a  sign  that  it  can  escape,  probably  by  filtering  down  in  the  ore, 
which  ie  therefore  concladed  to  be  of  considerable  amount  The 
significance  of  the  varions  rocks  and  their  usaal  appearance  have 
atready  been  disoossed. 

Mines  Now  Opened  Up. 
Bitcabik. 
After  the  discovery  of  the  Moantain  Iron  mine  in  1890,  described 
in  the  first  portion  of  this  article,  no  farther  discoveries  of  import- 
ance were  made  nntil  about  a  year  later,  when  an  explorer  namnd 
John  McCaskill  saw  traces  of  soft  ore  in  the  roots  of  an  over-tarned 
tree  in  section  three,  T.  58-16.  This  lud  to  the  discovery  of  the 
Biwabik,  Cincinnati.Canton,  Hale  and  Kanawha  mines.     Credit  for 
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the  aetnal  disooTer;  of  the  ore  deposit  on  the  Biwabik  maqt  be  giveo 
to  Capt  J.  A.  Nichols.  He  directed  the  work  which  snoceeded  in 
making  this  discovery  in  Angoat,  1891.  Cnpt  J.  Q.  Cohoe  was  pat 
in  charge  of  the  work  here  and  sank  fifteen  test  pits  daring  the 
winter  of  1891-92.  It  would  be  somewhat  peoaliarif  the  first  and 
second  mineu  to  be  disooTered  should  torn  oat  to  be  the  best  two 
minee  on  the  range. 

In  the  last  part  of  April  the  Biwabik  Mountain  Inm  Company 
leased  three  forties  in  seetiouB  two  and  three,  T.  58-16,  to  Mr.  F.  L. 
Kimberley,  of  Sharon,  Pn.  The  lessees  are  required  to  mine  at 
least  300,000  tons  per  annum  and  to  pay  a  royalty  of'  50  cents  per 
ton.  This  deal  was  the  result  ot  an  examinatiop  of  the  early  devel- 
opments on  the  range  made  by  Mr.  J.  T.  Jones,  the  superintendent 
of  the  Hamilton  Ore  Company,  of  Iron  Mountain,  Mich.  Work  ot 
explcH'ation  was  continued  in  a  syetematio  manner  and  soon  became 
the  model  for  such  work  on  the  range.  The  test  pits  were  rapidly 
increased  in  depth  and  number,  and  the  result  showed  the  wis- 
dom and  foresight  of  Messrs.  Jones  and  Kimberley  in  the 
selection  of  this  property  out  of  all  those  bo  far  discovered  on  the 
range.  Records  of  some  of  their  test  pits  may  be  seen  on  page  138. 
By  the  time  these  test-pits  were  completed  it  was  evident  to  the 
unprejudiced  observer  that  here  is  the  greatest  deposit  of  ore 
known  on  the  range  if  not  in  the  whole  Lake  Superior  district. 
MilliouB  of  tons  of  soft  hematite,  averaging  63  per  cent,  iron  and 
.0^  phosphoruB,  are  here  found  within  one  hundred  feet  of  the 
Burface  of  the  ground.  It  is  safe  to  say  that  this  mine  under  its 
present  management  will  eclipse  all  former  records  for  cost  of  min- 
ing and  number  of  tone  produced  in  a  given  length  of  time.  There 
may  yet  be  larger  deposits  found  on  the  Mesabi,  but  so  far  the 
Biwabik  is  chief.  The  Mountain  Iron  may  prove  to  be  ita  equal, 
and  at  present  iB  a  good  second,  but  the  number  of  cubic  feet  of  ore 
reasonably  to  be  estimated  as  "  in  sight "  at  the  Biwabik  exceeds 
that  of  any  two  other  mines  yet  opened  up. 

Cindnnaii. 

Adjoining  the  Biwabik  on  the  east  is  the  Cincinnati.  This  is 
also  a  fine  property.  It  does  not  seem  to  get  the  credit  it  deserves 
among  those  familiar  with  the  range,  perhaps  because  it  happens 
to  suffer  somewhat  in  comparison  with  the  Biwabik  adjoining, 
which  is  a  larger  property  and  has  been  more  extensively  devel- 
oped. For  several  months  no  property  on  the  range  could  make 
a  better  showing  as  to  quantity  and  quality  of  ore  than  the  Cinoin~ 
nati.     Subsequent  development  revealed  others  equally  as  good, 
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but  that  was  only  to  be  expected.  Later  development  on  this  prop- 
erty also  ehowed  the  ore  to  be  more  extensive  than  the  owners 
themrielves  believed  it  originally. 

ThiB  mine  is  leased  to  the  Standard  Ore  Company,  who  have 
agreed  to  mine  at  least  150,000  tons  each  year  at  a  royalty  of  6£ 
cents  per  ton. 

The  development  of  this  property  ivae  largely  onder  the  obai|^ 
of  Capt.  Edward  Florada  and  CapL  Carlio. 

Canton. 

This  proper^,  owned  by  the  Minnesota  Exploration  Company, 
lies  on  the  west  side  of  the  Biwabik.  The  ore  here  was  dieoovered 
by  Mr.  Edgar  Brown.  Mnoh  of  it  is  non-besaemer  goethite.  It  is 
probable  that  there  is  better  ore  to  be  foand  here  at  a  greats 
depth.  Work  is  now  being  vigoroosly  proeeooted  noder  the  di- 
rection of  President  D.  H.  Baoon  of  the  Minnesota  Iron  Oompany. 

Kanawha  and  Sale. 

The  Kanawha  Iron  Company  did  oonsiderable  exploration  work 
in  the  S.  E.  1 N.  W.  i  seotioo  1,  T.  58-16,  in  April,  1892,  and  found 
a  oonsiderable  depth  of  ore  in  a  series  of  teet  pita  located  east  and 
west  along  the  ncolh  side  of  the  forty.  The  width  of  the  deposit 
is  not  yet  proven  to  be  great  here,  the  ore  appearing  to  lie  in  a 
rather  narrow  gorge.  The  peooliar  relation  of  the  ore  deponit  at 
this  plaoe  to  the  green  schist  or  "greenstone"  is  shown  by  Fig.  8. 

Pit  !No.  1  went  through  the  ore  at  the  depth  of  thirty-eight  feet 
into  an  onaltered  portion  of  the  taconyte.  On  this  property  and 
the  Hale,  which  lies  jnst  to  the  east,  the  fact  ia  plainly  shown  that 
the  drainage  slope  considered  neoeaeary  to  facilitate  the  replace- 
ment process  does  not  always  consist  of  the  rocks  of  the  Taconic 
formation  above  the  ore  deposit  itself.  The  flow  of  waters 
which  has  accomplished  the  replacement  and  ooocentration  may 
have  oome  from  a  ridge  of  Keewatin  green  schist  or  Archroan 
granite.  At  this  place  there  ere  two  pits  fifty  feet  apart,  one 
'  in  fifty-five  feet  of  ore  and  the  other  in  green  scfaist.  The  echist  is 
the  same  as  that  seen  elsewhere  on  the  range  and  lies  nnoonform- 
ably  beneath  the  Taoonio  rocks.  It  dips  here  N.  85°,  while  the  dip 
of  tiie  ore  is  S.  10°.  The  ore  occapies  a  gorge  at  the  contact  line 
between  the  two  formations.  The  same  deposit  in  the  same  rela- 
tive position  extends  eastward  across  the  Hale  forty.  The  bare 
ridges  of  green  schist  rise  much  higher  northward,  and  drainage  is 
off  the  schist  ridges  into  the  valley  in  which  the  ore  is  found.  The 
fact  that  the  ore  on  these  two  properties  is  largely  a  non-beseemer 
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gcethite  is  ao  indication  that  the  replacement  is  not  so  perfect  in 
this  sitaatioD  as  when  the  entire  slope  is  composed  of  the  Taoonio 
iron  formatioD. 

Missabe  Mountain. 
A  pit  located  with  very  good  jadgment  by  Capi  J.  Or.  Cohoe, 
one  <^  the  earliest  and  best  explorers  on  the  range,  enoonntered  ore 
on  this  property,  N.  E.  \  section  8,  T.  58-17,  in  the>  first  pit  sunk,  at 
the  depth  of  thirteen  feet  Tliis  was  in  the  last  of  March,  1892. 
The  first  ore  discovered  in  this  township  was  on  this  property. 
Other  pits  on  the  same  land  revealed  a  large  deposit  of  ore  of  good 
qnoiity,  and  in  about  four  months  a  lease  was  made  to  H.  W.  Oli- 
ver, of  Fittsbai|;h,  on  a  guaranteed  ontpnt  of  400,000  tons  annual- 
ly, at  the  high  royalty  of  65  cents  per  ton.  The  income  of  this 
company  is  thus  asenred  to  be  more  than  a  qaarter  of  a  million  of 
dollars  from  this  property  alone.  An  advance  royalty  of  $75,000 
was  paid  by  Mr.  Oliver.  So  gaickly  are  iron  mines  developed  and 
tamed  into  cash  on  the  Mesabi. 

Ohio. 
The  Ohio  Iron  Company  moved  their  workmen  to  the  corner  of 
their  property  nearest  the  first  pit  on  the  Missabe  Mountain  in 
April,  and  were  rewarded  by  finding  soft  blae  hematite  of  excel- 
lent quality  in  several  pits.  Early  in  Jane  this  property  was 
leased  to  James  Sheridan,  of  Dulnth,  and  others,  who  agreed  to 
pay  197,500  a  y6ar  in  royalties  at  the  rate  of  65  cents  per  ton. 
Lake  Superior. 
In  February  or  March  ore  was  found  in  the  northeast  quarter  of 
section  22,  T.  58-20,  on  the  land  of  the  Lake  Superior  Iron  Company. 
This  was  the  fourth  township  in  which  ore  had  been  found  and  its 
discovery  added  greatly  to  the  already  intense  excitement  in  Dnl- 
uth.  The  statement  was  often  made  that  the  whole  country  was 
full  of  iron  ore  andthat  a  teat-pit  oonld  hardly  fail  to  find  it.  Some 
were  of  the  opinion  that  iron  ore  would  be  so  aboadant  as  to  be 
worthier,  and  that  the  mines  were  equally  so.  It  is  needless  tio 
say  that  this  opinion  was  held  by  those  who  were  ignorant  of  the 
immense  consomption  of  iron  in  this  country.  It  is  also  superflu- 
ous to  add  that  this  idea  was  ex^gerated  beyond  all  bounds. 

Several  test  pits  foand  ore  on  the  property  of  this  company,  both 
at  the  first  location  and  at  another  farther  west.  As  yet  no  sub- 
lease has  been  made  by  this  corporation,  and  their  intention  may 
be  to  do  their  own  mining. 

At  the  Mountain  Iron  mine  the  qnartzyte  is  underlain  by  granite 
as  it  is  also  at  the  Lake  Superior. 
11  s 
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New  England. 

In  May  a  fine  body  of  ore  was  discovered  by  John  Owbqb  on  the 
property  of  the  New  England  Iron  Compaay,  N.W.  J  N.  W.  J  seo- 
tion  9,  T.  58-17.  Later  deTelopments  bave'shown  the  ezistenoe  of 
nearly  forty  acres  of  ore,  and  most  of  it  ia  the  peooliar  soft  blae  ore, 
which  is  the  best  on  the  range.  In  Angnst  this  property  was  sab- 
leased  to  Capt.  N,  D.  Moore  and  others  at  a  royalty  of  55  cents  per 
ton  and  an  advance  royalty  of  950,000.  This  oompany  controls 
other  lands  favorably  situated  for  the  existence  of  merchantable 
ore  bodies. 

Virginia. 

The  Virginia  Iron  Company  also  found  ore  in  the  N.  E.  ^  S.  E.  } 
section  8,  T.  58-17,  during  the  month  of  May.  This  property  was 
leased  in  August  for  a  valuable  consideration.  A  number  of  test 
pita  indicate  that  there  is  ore  over  a  large  area  on  the  land  of  this 
oompany.  Like  the  New  England,  Wyoming,  Lone  Jack,  Kanawha 
and  others,  it  belongs  chiefly  to  A.  E.  Humphreys  &  Ga,  who  were 
fortunate  in  their  selection  of  lands  and  who  spared  no  ezpeose  in 
the  rapid  and  thorongh  exploration  of  them.  The  phenomenally 
quick  development  of  the  new  range  is  due  perhaps  more  largely 
to  their  efforts  than  to  those  of  any  other  single  firm  or  individual. 
Their  confidence  in  the  district  and  their  earnest  efforts  to  develop 
it  deserve  abundant  thanks  and  reward. 

"  Paddock's" 
Ore  was  found  on  the  S.  W.  J  N.  E.  J  section  3,  T.  68-18,  east  of 
the  Mountain  Iron  mine,  in  May.  This  was  the  second  property 
in  this  township  to  show  a  good  body  of  ore.  The  glacial  drift 
here  exceeds  fifty  feet  in  depth  and  water  is  troublesome,  but  the 
body  of  merchantable  ore  appears  to  be  of  considerable  extent. 

Lone  Jack,  Wyoming,  Security,  Oreai  Western  and  Souchleatt. 

Along  in  May  ore  was  found  on  the  above  properties,  all  sitnated 
in  T.  58-17.  There  is  a  large  bend  in  the  green  scbiet  ridge  in  this 
township  and  the  largest  group  of  mines  on  the  range  is  situated 
on  the  fianks  of  this  loop  or  bend.  As  will  be  seen  from  the  map 
these  mines  follow  the  curving  line  of  the  greenstone  ridge,  and  - 
occur  on  its  fianks,  irrespective  of  the  direction  it  may  happen  to 
assume.  No  detailed  description  of  each  property  and  its  devel- 
ment  will  be  given  here,  for  the  work  is  not  sufficiently  advanced 
to  warrant  it  and  the  main  features  are  similar  to  those  already 
described  on  other  properties. 
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There  u,  however,  one  peoaliar  oooarrence  on  the  lione  Jack  and 
MiBsabe  MouiitaiQ  to  which  referenoe  has  already  been  made. 

There  appears  to  be  a  pre-glaoial  f^rge  formerly  excavated  by 
some  stream  flowing  in.a  westerly  direction  down  from  the  gp'een 
schist  ridge  across  the  Lone  Jack  and  Miesabe  Moantain  into  the 
valley  in  the  southwest  part  of  the  township.  This  gorge  was  in 
some  way  filled  with  gravel,  at  the  present  time  composed  prin- 
cipally of  roand,  water-worn  fragments  of  hard  ore.  The  drift  man- 
tle was  subsequently  spread  over  the  top  of  the  filled  gorge  and  the 
ore  on  both  sides  of  it.  At  the  bottom  of  this  gravel-filled  gorge 
is  a  stratified  layer  of  light  colored  kaoUnic  material  which  varies 
in  thickness  from  a  few  inches  to  twelve  feet.  Beneath  this  stratum 
of  kaolin  is  soft  blue  hematite  similar  to  that  found  by  test  pits 
north  and  south  of  the  supposed  gorge  on  both  the  Lone  Jaok  and 
Missabe  Mountain.  The  depth  of  this  ore  gravel  in  the  gorge  is 
more  than  sixty  feet.  The  test-pits  sunk  on  both  sides  of  it  en- 
counter ore  at  the  depth  of  from  eight  to  fifteen  feet  as  the  thick- 
ness of  the  drift  varies.  The  so-called  ore-gravel  is  mostly  hard, 
dark  colored  hematite  and  is  cemented  by  a  soft  ferragiooas  paste 
oontaining  more  or  lass  of  the  kaolinio  matter.  It  ia  not  certain 
that  this  gravel  was  ore  when  it  was  deposited  in  its  present  posi- 
tion, but  it  does  appear  likely  that  it  is  not  a  constituent  part  of 
the  Taoonic  strata.  The  fine  deposit  of  kaolin  which  separates  it 
from  the  blue  ore  below  and  on  the  sides  was  perhaps  derived  from 
the  detritus  of  the  feldspathic  green  schist,  although  it  is  similar 
to  material  found  elsewhere  at  the  base  or  lower  edge  of  deposits 
of  ore,  and  may  thus  be  a  product  of  chemical  alteration  in  aiiu. 

McKinley. 

In  December,  1891,  ore  was  found  on  the  McKinley,  N.  W.  ^ 
S.  E.  i  section  8,  T.  58-16.  During  January  work  progressed  rapidly 
under  the  direction  of  Mr.  D.  McKinley.  Three  pits  were  sunk  in 
good  soft  blue  hematite.  Having  proven  the  existence  of  a  good 
mine  here  work  ceased,  until  railroad  facilities  could  be  obtained, 
before  the  full  extent  of  the  deposit  was  revealed.  The  property 
is  a  large  one  and  there  is  abundant  opportunity  for  a  very  fine 
deposit  of  ore. 

•  During  the  winter  of  1891-'92  work  was  vigorously  prosecuted  on 
all  these  properties,  and  the  discovery  of  such  a  large  amonnt  of 
ore  produced  quite  an  excitement  in  Duluth  and  among  northwest- 
ern iron  miners,  in  the  months  of  January,  February  and  March, 
1892.  Many  new  companies  with  a  very  large  capital  stock  were 
organized,  and  the  work  of  searching  for  iron  deposits  was  begun 
in  dozens  of  camps  in  the  dead  of  winter.    Log  camps  were  erected 
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and  tons  ol  sapplies  were  taken  on  ranners  to  the  varioae  loostiooB 
west  of  Meeaba  station  on  the  Dnlnth  and  Iron  Bange  railroad. 
The  organization  of  these  companies  was  a  matter  of  specalation. 
The  lands  were  held  under  State  or  private  lease  at  a  royalty  of  25 
or  30  cents  per  ton,  or  in  fee,  and  were  selected  without  any  knowl- 
edge of  the  r^ion  or  the  properties  or  the  possibility  of  the  dis- 
covery of  ore  thereon.  It  was  to  be  expected  that  many  oompanies 
woold  be  disappointed  in  the  search  for  ore  and  that  the  expense 
of  operating  woold  soon  drain  the  exchegaers  of  othera  This  was 
in  faot  the  case,  but  it  most  be  admitted  that  the  number  of  sno- 
cessfol  ones  was  surprisingly  large. 

Other  discoveries  of  ore. 
There  are  autlientio  reports  of  the  discovery  of  merchantable  ore 
in  townships  d&-20,  58-21  and  67-22,  on  the  lands  of  the  Washing- 
ton, Mesabi  Chief  and  Lake  Superior  Iron  oompanies,  as  well  as 
on  land  under  lease  to  J.  M.  Longyear.  These  have  not  been  vis- 
'ited  recently  by  the  writer.  Neither  bas  the  Diamond  mine  in 
56-24.  This  mine  has  been  operated  for  several  years  under  the 
superintendence  of  Mr.  E.  W.  Griffin,  of  MinneapoUB.  The  re- 
sults were  not  at  first  satisfactory,  and  considerable  trouble  was 
experienced  with  water.  It  is  reported  that  the  work  is  at  present 
being  conducted  in  a  body  of  good  soft  ore.  The  Ounflint  Lake 
Iron  Company,  under  the  direction  of  Mr.  John  Paulson,  is  pre- 
paring to  mine  the,  maf^etio  ore  on  the  eastern  end  of  the  Mesabi 
range  in  township  64-6.  The  Fort  Arthur,  Duluth  and  Western 
railroad  is  in  operation  to  a  point  near  these  deposits. 

List  op  ^db-Leases  Albeady  Made. 


Bine.                                                                  Royalty. 

Adranco 
royalty. 

tona 

.OiDcinnati.  TTo  Standard  Ore  Co.  1  ...  J 
Blwabik.    [To  P.  L.  Kimberlev.  ] 

i.66 

»25,000 

150,000 

.60 

800.000 

Biwabik.   [To  Berringer eta].] 

Virginia.  [To  Weimer  et  a].] 

.60 

•100,000 

.60 

'Him 

60,000 

Wyoming.   [To  A.  J.  Decker.  ] 

.30 

40,000 

25,000 

Wyoming.    "To.  J.  T.  Jones.] 

Wyoming.     To  Parkersburglron  Co.] 
Ne«  England.   [To  N.  D.  Moore.]. . .. 
New  England.   [To  J.  B.  Weimer.  J. . . 

.60 

26,000 

.50 

.  M.COO 

50,000 

.55 

50,000 

160,000 

.60 

26,000 

60,000 

Lone  Jack.   [To  Moore  A  Foley.] 

.65 

60,000 

Miaeabe  Moantain.  [To  H.  W.  Oliver] 

.(15 

76.c66 

400,000 

Ohio.  [To  Jaa.  Sheridan  et  al.  ] 

Hale.  (iToF.A.Bateaand  H.P.Barbour] 

.60 

160,000 

.m& 

.4).'.'.'.'. 

60,000 

1,650.000 

■»,aO  tons  eacb  ulteronte  jfar. 

l.„t„o,. 
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LIST  OF  MINING  COMPANIES  INOOEPOBATED  IN 

MINNESOTA  DEOEMBEH  1,  1890.  TO 

SEPTEMBER  1.  I892.« 


[The  Dftma  of  tlie  oomp&Dj  Is  followed  by  the  plkce  ol  lU  priiioiiial  offlce.  the 
amount  of  oaplt&l  stock.  Dumber  ot  shsres,  ilftte  oC  Inoorporatlon  and  Dames  of  lacoi- 
IKiraton.] 


11,  Graot  Wyatt,  D.  W.  Evans. 


Atlkokan  Iron  Company;  Dulutb;  •2&0,000;  2,600  shares:  Jao.  19. 
1892.  S.  Meolece,  A.  Snjder,  W.  Getty,  E.  J.  McLaughlin.  M.  UcManus, 
J.  I.  Gilbert,  W.  McRae,  A.  P.  Cook. 

Aurora  Iron  CompanT;  Dululh;  $3,000,000;  30,000  sbares;  April  8, 
1892.  J.  McKlDley,  A.  E.  Humphreys,  P.  S.  Bemis,  J.  BIlllDgs,  G.  N. 
Biseell. 


.  H.  S.  Mahon,  C.  J.  Kershaw, 
A.  E.  McCordic,  W.  B.  SUvey,  W.  G.  Crosby,  E.  C.  Jones. 

Blwabik  Mountain  Iron  Company;  Dulutb;  $2,000,000;  Oct.  9, 
1890;  >3,000,000;  30,000  shares;  Oct.  17,  1661.  L.  Herritt,  E.  H.  Hall,  J.  3. 
Wheeler. 

Boston  Iron  Coropany;  Duluth;  t2,0O0,0OC;  20,000  sbares;  March  1, 
1892.    J.  McKlnley,  G.  wTfiuck,  G.  P.  Piper,  J.  T.  Hale. 

Boston  Iron  Company;  Duluth;  $-3,000,000;  June  16,  1892.  Changed 
to  McCoaklll  Mining  Company. 

Bradley  Iron  Company;  Duluth;  $2,000,000;  20,000  shares:  March  1, 
1892.    H.  C.  Hanford,  Q.  P.  Piper,  E.  L.  Bradley. 


Bnffhlo  Land  and  Exploration  Company;  Duluth;  t i 25,000;  125,- 

000  shares:  July  27,  1892.     W.  E.  Richardson,  C.  Adams,  J,  T.  Hale,  S.  W . 
Coffin,  O.  H.  Hewlt,  D.  G.  Cash,  J.  D.  Stryker. 


nnipaalas  prerlousl;  Incorpriratcd  In  Mlnnevitit  for  tlia  pur- 
In  No.  «.  "The  Iruo  Ores  of  Minnesota.-  p.  335. 
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CamdAH  Iron  Compauy;  Dulutb:  S1,000,OOJ;  March  26,  IB92:  91,200,- 
OOb;  12,000  shareB;  April  6, 1892.  J. G.  Williams,  J.  B.  Lovell,  H.  &.  Inger- 
soll.  A.  J.  Decker. 

Gamete  Hlnlnir  Company,  The;  Dulutb;  $1,000,000;  10,000 staaree; 
April  4,  1892.  S.  P.  I>avldge,  £.  Zohrlaut,  R.  F.  Fitzgerald,  T.  E.  HcGarr, 
J.  B.  Bell. 

Central  American  Mining  and  Improvement  Company;  St. 
Paul;  SlOO.OOO;  20,000  aharea;  Jan.  4,  18B2.  W.  M.  Davis,  P.  Fletcher,  S. 
H.  MaffofflD. 

Central  Vermilion  Iron  Company;  St.  Paul;  SSOO.OOO;  80,000shareB; 
March  ^  1892.  Bi.  A  Heodrlcksoo,  A.  Schefler,  E.  J.  Hodgson,  a  W. 
Cox,  L.  B.  JudsoD,  Jr. 

Champion  Iron  Company;  Duluth;  I3,00( 
1,  1892.     W.  McRae,  J.  I.  Gilbert,  C.  P.  Howe. 


Cincinnati  Iron  Company;  Duluth;  $3,000,000;  120,000  shares;  Nov. 
24,  1891.  L.  Frichard,  F.  Woodmau,  A.  E.  Humphreys,  J.  McKlnley, 
J.  T.  Hale. 

Clark  Iron  Company;  Duluth;  $3  000,000;  30,000  shares;  March  T 
1892.  U.  J.  Clark.  F.  Jewell,  U.  W.  nates,  G.  F.  Piper,  A.  B.  Upton, 
C.  P.  McOomb. 


Columbia  Tron  Compaoy;  Duluth;  S3,WK),000;  30,000  shares;  March 
14, 1692.  J.  McKlnley,  D.  McKlnley,  G.  S.  Ostrum,  J.  E.  Lobdell,  S.  O. 
Brooks,  T.  E.  Yerxa,  E.  B.  Swygart,  G.  M.  BIssell,  A.  C.  Clauson. 


M.  O.  Brooks. 

Conutack  Iron  Mining  Company;  Duluth;  (5,000,000;  SO.OOOshares; 
March  II.  1892.  G.  T.  Porter,  F.  W.  Merrltt,  G.  A.  Elder,  A.  D.  Thom- 
son, M.  Simpson,  W.  M.  Holbrook. 

Ponsolldated  MiMsabe  Iron  Company;  Duluth:  $3,000,000;  30,000 
shares;  March  14,  1892.  G.  M.  Nelson,  L.  Merrltt,  R.  Jamleon,  A.  Erwin. 
J.  Mather,  K.  D.  Cbase. 


Dayton  Iron  Hlniiiv  Commny;  Duluth;  $1,000,000;  10,000  shares-. 
Feb.  29.  1892.  J.  C.  Semple,  J,  W.  Earl,  W.  P.  Strickland,  J.  P.  Landry, 
N.  A.  Gearhart,  C.  A.  Long,  W.  A.  Barr,  H.  P.  Haskell,  G.  F.  Oopeland. 

Detroit  Iron  Company;  Dulutb;  $3,000,000;  120,000  shares;  Feb.  18, 
1892.    J.  T.  Hale,  F.  E.  Kennedy,  J.  M.  Root. 

Diamond  Iron  Hlnluir  Company,  The;  Hluneapolls;  9100,000: 
1.000  shares;  Aug.  20,  1S92.    G.  P.  Warner,  A.  Richardson,  H.  H.  Smith. 

Donald  Oraut  Mining  Company;  Duluth;  950,000;  500  shares; 
March  14,  1892. 
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£lk  Tron  MIhIde  Compauy,  Tbe;  St.  Paul;  93,000,000;  30,000shares; 
April  ,13,  1892.  C.  E.  Groff,  D.  D.  Merrill,  Jr.,  W.  B.  Elcharda,  J.  L. 
Stack. 

GowBD  Mining  OompaDy;  Hianeapolts:  $MI0,O0O:  100,000  ehares; 
May  26, 1882.  A.  H.  Linton,  R.  B.  Laogdon,  R.  B.  Coakey,  C.  S.  Lang- 
don,  J.  A.  Gowan. 

Great  Northern  Mlniitir  Company;  Dulutb;  <2,O0O,O0O;  20,000 
shares;  Jan.  2,  I8»2;  $3,500,000;  35,000  shares;  April  2.  1892.  G.  L.  Rot>- 
bins,  E.  T.  Merrltt.  J.  T.  Culbertaon,  N.  B.  Merrltt,  E.  R.  Brace,  T.  A. 
Merritt,  R.  W.  Allnutt,  P.  W.  Merrltt,  H.  A.  Wing. 

Great  Western  Mlninir  Company;  Dulutb;  «6,000,000;  60,000 
Shares;  March  S,  18»2.  A.  Merrltt.  L.  Merrltt,  G.  L.  Elobbina,  J.  Culbert- 
eOD,  E.  T.  Merritt,  F.  W.  Merrltt,  N.  B.  Merrltt,  C.  C.  Merritt,  D.  B.  Searle, 
C,  A.  Qilman,  M.  Simpson. 

Guaranty  Silver  Mining  Company;  Minneapolis;  9S00.000;  500,000 
shares;  June5, 1891.  A.  C.  Dunn,  J.  G.  RIcke,  A.  D.  Westby,  G.  D.  White, 
B.  Robinson. 


^aui;  «iui>,uuu,  i,uuu snares;  ju. 
den,  L.  Blanden,  W.  A.  Jones. 
Henrietta  Iron  Company,  Tbe; 

April  27,  1892.    G.  F.  Moulton,  "     '    ' 
W.  H.  Cooper. 

Hidden  Treasure  Silver  Minine  Company;  Minneapolis;  tlOO,- 
000:  100,000  shares;  Dec.  28,  1891.  D.  IdcKenzle,  K.  Campbell,  L.  Elm- 
ball,  F.  W.  Nevens,  W.  R.  Steadmau. 

Horton  Mlntnir  Company;  Dnluth;  $500,000;  50,000  sbares;  Jan.  28. 
1892;  $1,000,000;  100,000  shares;  Feb.  20,  1892.  G.  W.  Horton,  S.  G.  Wight- 
man,  R.  H.  Harris,  W.  E.  Worden,  S.  S.  Smith,  H.  B.  Moore,  W.  D.  Ed- 
son,  R.  P.  Edson. 


Ine  Company;   Dulutb;  $3,000,000;   30.000  shanw; 

March  5, 1892.  H.  Keller,  J.  0.  Flycn,  J.  Kraker,  S.  a  Titus,  J.  R.  Howes, 
W.  B.  Holbrook.  M.  Johnson,  A.  B.  Plougb,  T.  G.  Alvord.  N.  C.  Thrall, 
J.  B.  Sutpbln,«al. 

Kaklna  Iron  Company;  Dulutb:  91,000,000:  40,000  sbares;  Dec.  4, 
1891.    W.  H.  Fisher,  D.  Grant,  D.  H.  Merritt. 

Kamlnistlqne  Iron  Company;  Minneapolis;  tlOOjOOO;  10,000  sbares; 
Dec.  3, 1891.  S-  H.  Hall,  H.  S.  Smith,  G.  A.  Castle,  R.  D.  Arundell,  0.  L. 
Stacy,  A.M.  Hillman,  E.  W.  GInter. 

Kanawba  Iron  Company;  Duluth;  92,000.000;  33,000  sbarea;  Feb. 
13,  1892.    A.  E.  Humphreys,  J.  T.  Hale,  G.  E.  MiUlgan. 
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Keystone  Iron  Conipanj';  Dulutta;  I3,000i000;  30,000  shares;  Harcb 
4, 1892.  C.  Markell,  A.  C.  Otis,  F.  G.  SteveDS,  W.  E.  RlchaMson,  H,  W. 
Pearson,  E.  R.  Brace,  F.  B.  Lazier,  J.  T.  Hale,  C.  L.  Coddlog. 

liackawatma  Iron  Company;  Dulutb;  Kt,(iOD,000;  30,000  sbares;  Har. 
a,  1892.  F.  L.  De  Foreat,  W.  G.  Park,  M.  J.  Davis,  B.  F.  Clark,  J.  A 
Taylor. 

Lake  Superior  Iron  Company;  Dulutb;  S6,00q/)0q;  200,000  shares; 
March  n,  1892.  A.  J.  Trimble,  W.  D.  Vernam,  W.  H.  Buffum,  F.  Bib- 
bing, W.  HUDfD. 

Licking  AfinlnfiT  Company;  St.  Paai;  •3,000,000;  30,000  shares;  April 
22,  1892.  F.  Barrett,  W.  W.  Bradeo,  A.  W.  Tturman,  W.V.  Marquis, 
J.  H.  Newton.  ^ 

Zitncoln  Iron  Company;  Dututb;  $3,000,000;  SO.OOOabares;  Marcb  19, 
1892.    H.H.  Myers,  F.  Cox,  A.  Howell. 

Iilttte  MeaabI  Iron  Company;  Minaeapolis;  •3,000,000;  30.000  Bliarea; 
Marcb  15, 1892.  B.  W.  Cavenaugh,  E.  S.  Bean,  G.  H.  Dodge,  E.  F.  Dodge. 
A.  C.  Paul. 


MaUmanii  Iron  Mining  Company;  Dulutb;  •1,000.000;  100,000 
shares;  March  5,  18B2.  A.  H.  Viele,  A,  J.  Trimble,  F,  L.  Cowen.  In- 
creased capital  stock. 


HcKtnley  Iron  Company;  Duluth:  •6,000,000;  60,000  sbares;  May 
25, 1892.  W.  McKinley,  jTObarnley,  J.  McKioley,  G.  N.  Bissell,  D.  Mc- 
KlQley,  J.  Billings. 


Hesabt  Chief  Iron  Company;  Dulutta;  •3,000,000;  30,000  shares; 
March  1,  1892.  W.  B,  Gardner,  J.  0.  Mlsbler,  S.  G.  Wtgbtman,  R.  F. 
Willcuts,  C.  D.  Smith. 


M.  Barrows,  D.  G.  MIchell,  S.  '^.  Cbannell,  J.  A.  Bowman,  S.  A.  B 
B,  Starkej,  J.  H.  Clark. 

HinneapoliB  Iron  Company;  Minneapoll";  93,000,000;  30,000  shares; 
Feb.  23,  1892.  E.  M.  Mable,  A.  R.  McGlll,  G.  L.  Becker,  C.  N.  Smith,  W. 
S.  Uilnor,  J.  J.  Ankeny. 


Minneapolis  Mining  and  Hilling  Company;  Miooeapolls;  S500,- 
000;  600,000  shares;  Dec.  26,  1891.  J.  Pye,  S.  Parker,  W.  Hartley,  W.  F. 
Albee,  J.  L.  Faricer. 


dell,  S.  E.  Brewster,  D.  F.  Strobeck. 
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MUsabe  Central  I^and  and  Exploration  Company;  Dutatb; 
tlOO,000;  10,000  shares;  Jan.  2,  1892.  A.  Merrltt.  R.  H.  Palmer,  J. 
Helmer. 

Ulssabe  and  Nortliern  Ton-nslte  Company;  Duluth;  tSO.OOO;  500 
Shares:  March  17,  1892.  L.  Merritt,  E.  H.  Palmer,  N.  B.  Merritt,  A. 
Merrtlt. 


Sfyrna  Iron  Mining  Company;  Duluth;  (3)0,000;  100,000  shares; 
Feb.  U,  1891.  T.  H.  PressDell,  F.  HibblDK,  R-  D.  Mallet,  A.  J.  Trimble, 
F.  I.  Tedtord. 


nell,  J.  A.  Boggs. 

New  Ungland  Iron  Company;  Dalutb;  93,000,000;  30,000  shares; 
March  15,  1892.  A.  E.  Humphreys,  J.  McKinley,  A.  J.  Bletben,  L.  Swift, 
Jr.,  W.  H.  Lynn. 

New  Tork  Iron  Company;  Duluth;  tS.OOO.OOO;  120,000  shares;  Har. 
1,  1892.  C.  0.  Merritt,  A.  R.  Merritt,  H.  W.  Coffin,  J.  T.  Hale,  E.T. 
Merritt. 


yer.'w.' J.'nilands,  C.  F.  Nester,  R."^.  Munzer,  M.  R.  Baldwin,  T.  H. 
Preasnell,  J.  K.  Persons.  P.  Barrett,  S.  R.  Ainsile. 


McLennan,  E.  F.  Clarice. 

Outcrop  Iron  AKotng  Torapany;  St.  Paul;  S500,000;  g.OOO  shares; 
May  10, 1892.  C.  A.  Hutchinson,  G.  Llll,  J.  F.  Whiting,  D.  M.  Case,  F. 
Barrett. 

Pacific  Mining  Company,  The;  Duluth;  1600,000;  6,000  sharesi 
May  6,  1892.  A.  Ernln,  G.  N.  Baxter,  E.  H.  Hail.  G.  N.  Nelson,  R.  Jam- 
ison, 


lett,  K.  A.  Gearhart,  A.  C.  Pearsons,  G.  Wyatt. 

Pipe  Lake  Nlcke 
shares;  June  9, 1891.  1 
WatsoD,  M.  Douglas. 
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C.  T.  te  Tourneau. 

Pntnam  Iron  CompSQy;  Dulutb;  S3.0OO.0OO;  30.000  shares ;  March  2, 
.^  1892.  J.  T.  Hale,  E.  C.  Grldley,  S.  R.  Payne,  J.  P.  Morrow,  E.  G.  Chap- 
mail,  H.  S.  Stearns,  J.  Sheridan,  C.  d'Autremoat. 

Republic  Iron  CoiopaiiT:  Duluth;  83.000,000;  120,000  shares;  March 
22, 1892,  P.  M.  Graff,  F.  W.  Baton,  J.  G.  Brown,  R.  J.  Ryan,  A.  Brwln, 
G.  M.  Helaon,  R.  Jamison.    - 

Rouchleau  Iron  Company;  Duluth;  $5,000,000;  60,000  shares;  Mar. 
18,  1692.  L.  Rouchleau,  F.  W.  Hlggins,  G.  Gilbert.  G.  F.  Piper,  0.  E. 
ShaonoD,  G.  W.  Buck,  T.  B.  Mills. 


Securtty  I>and  and  Exploratloa  Comoauy;  Duluth:  SIOOJWO; 
10,000  shares;  Dec.  30,  1891.  G.  W.  Buck,  G.  F.  Piper,  J.  T.  Hale,  N.  B. 
Merrltt,  R.  H.  Palraer. 

Sbaw  Iron  Company;  Duluth;  S3,000,000;  30,000  shares;  Dec.  21, 
1891.  D.  W.  Scott,  J.  E.  Davles,  A.  R-  Merrltt,  N.  B.  Merrltt,  E.  H. 
Palmer. 


Gray,  A.  C.  Oils,  G.  'b,.  Laybouru. 
Sliver  Chief  Mining:  Compan; 

000  shares;  Aug.  18,  1892.  M.  N.  PrWc,  ±j.  r .  i..wic, 
Hutchinson,  B\L.  E^vor,  F.  E.  Mix,  W.  F.  Thayer. 
eltinsT  and  Beflnin 
hares;  Sept.  5, 18B2. 

,   The;   Dijluth;^tI,&U0,000;  60,000  shares; 
0.  Church,  C.  A.  Congdon. 
Steep  Bock  Minlnir  and  Improvement  Company;  Duluth;  tSO,- 
000;  600  shares;  May  13, 1892.    L.  S.  Franklin,  H.  C.  Ash,  A.  E.  Walker. 

Stowell  Iron  Company;  Dulutb:  $i,000,000;  100.000  shares;  Feb.  16, 
I89I.  W.  H.  B.  Stowell.  B.  £.  Baker,  G.  F.  Long,  A.  a  Jamison,  T.  H. 
Pressndl.  S.  F.  Boyce,  F.  I.  Tedford,  J.  Zlmmerraann,  L.  W.  HIzar,  F. 
Barrett. 

St.  Paul  and  Dnluth  Mlnlnv  Company;  St.  Paul;  81,000,000;  100,- 
000  shares;  April  23,  1892.  S.  S.  Smith,  W.  H.  Squier,  J.  G.  Southall,  W. 
Ruan,  W.  P.  Curtlss.  R.  H.  Edwards,  P.  P.  McVeigh,  Jr. 

Swan  Lake  Iron  Mining  Company  of  Hlnneapolla;  Hinne- 
apolls;  $1,000,000;  40,000  shares;  April  4,  1892.  Q.  H.  Warren,  W.  G.  La 
Rue,  D.  Wafte. 

Duluth:    $2,000,000;   20,000 


Towandn  Iron  Company;  Duluth;  $3,000,000;  30,000  shares;  March 
2,  1892.    J.  T.  Hale,  B-  T.  Hale,  J.  Sullivan,  R.  H.  Filmer,  A.  Merrltt. 

Twin  ClCy  Iron  Company;  Duluth;  $3,000,000;  30,000  shares;  March 
1,  1892.    J.  McKinley,  A.  E.  Humphreys,  G.  E.  Mllllgan. 
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Vermnion  Iron  and  Land  Company  of  Dalnth;  Duluth;  91,000,- 
000;  Marcb  8, 1892.    Cbanged  name  to  Kentucky  Iron  Company- 
Virginia  Iron  Company;  Duluth;  $3,000,000:  30,000  shares;  March 
1, 1892.    J.  McKlnley,  G.  F.  Piper,  A.  L.  Warner. 


Wflsbin^ton  Iron  Company;  Duluth;  t3,000,000;  30,000 shares;  Har. 
2,  1892.  T.  B.  Mills.  G.  F.  Piper,  J.  Spencer,  B,  A.  Taussig,  A.  B.  Upton, 
D.  S.  Culver,  W.  B.  Welles,  G.  A.  Lefand,  0.  P.  McCtomb,  J.  K.  Redlnff- 
tfln,  C.  K,  Lawrence,  M.  W.  Bates. 


Tonngfltown  Iron  Company;  Dulutb;  93.000,000;  30,000  shares; 
March  1, 1892.  A.  Merritt.  N.  B.  Merrttt,  A.  L.  Warner,  C.  C.  Merrltt, 
B.  T.  Bale. 


Method  and  Goer  of  Minino  on  the  Mesabi. 

The  exoellent  quality  of  the  Mesabi  ore  and  the  large  araoaat  of 
it  have  been  commented  npou  in  the  preoeding  pages.  A  few 
vords  as  to  the  expense  and  probable  method  of  extracting  this  ore 
from  ItB  bed  and  placing  it  on  the  cars  ready  for  transportation  to 
the  furnace  will  be  of  interest.  In  an  article  in  the  CleTeland  Iron 
Trade  Beview,  Joly  21, 1892,  the  writer  made  the  following  state- 
ments: 

"The  most  important  feature  of  the  Mesabi,  in  view  of  ita  dis- 
tance from  the  furnace  and  forced  competition  with  other  ranges, 
is  the  cheapness  of  mining.  A  few  estimates  will  make  this  clear. 
Old  methods  and  old  oalcnlations  will  not  answer  on  this  range. 

"Soft  ore,  large  areas  near  the  sorfaoe  and  horizontal  depoeits  are 
not  to  be  handled  by  deep  shafts,  air-compressors,  timbering  and 
costly  pumps.  It  is  the  exception  to  find  the  ore  coyered  by  rook, 
and  it  is  anosaal'  to  find  more  than  fifty  feet  of  glacial  drift  lying 
npon  it.  It  is  not  to  be  sappoeed  that  there  will  be  only  a  single 
method  of  mining  here.  Different  men  will  have  different  ideas, 
and  different  properties  will  present  different  problems,  bat  it  is 
plain  that  the  most  of  the  mines  will  be  worked  as  open  pits,  with 
the  sarface  stripped  off. 
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"EBtimates  of  the  cobI  of  removiDg  earth,  B&nd,  olay  and  grarel 
and  boalders  can  be  obtained  from  any  railroad  contractor.  The 
estimated  cost  per  cabio  yard  Taries  from  six  to  forty  oenta  accord- 
ing to  the  material  and  the  f aoilitieB  tor  removing  it  With  a  rsU- 
road  at  hand  a  steam  ehovet  will  remove  ordinary  sand  and  gravel 
for  Biz  cents  a  yard.  By  hand  work,  withont  railroad  facilities,  it 
will  coat  from  twenty- five  to  forty  cents  a  yard. 

"  When  the  surface  ie  stripped  off,  the  ore  is  found  in  flat  deposits 
covering  twenty  to  sixty  or  more  acres,  and  from  twenty  to  ninety 
feet  thick.  Test  pits  are  sank  in  plaoee  one  hundred  and  seven- 
teen feet  deep  by  pick  and  ehovel,  without  a  single  drill  hole  or 
blast  of  powder.  In  other  spots  there  may  be  twenty  or  thirty  feet 
in  a  pit  vhioh  is  too  hard  to  pick.  This  can  be  thrown  down  in 
large  quantities  when  there  ie  once  a  face  on  it,  and  can  then  be 
loaded  by  hand  or  steam  shovel.  Where  no  blasting  is  required, 
the  expense  of  loading  oars  by  hand  labor  will  not  exceed  twenty- 
five  cents  per  ton;  by  steam  shovel  it  may  reach  ten  cents.  Where 
the  ore  is  hard  enough  to  blast,  the  expense  of  excavating  and 
loading  on  oars  may  reach  forty  cents.  It  is  not  necessary  to 
reckon  into  oor  calonlation  any  interOBt  on  a  large  investment,  for 
that  is  covered  by  royalty.  No  expensive  plant  is  depreciating  on 
our  hands.  Fewer  damage  soits  arise  from  injuries  received,  be- 
cause our  men  work  by  daylight 

"  Let  ns  now,  with  these  figures  before  na,  make  a  theoretical  esti- 
mate of  the  coat  of  mining  ore  on  almost  any  property  on  the  Mes- 
abi  which  has  been  developed  enough  to  show  the  depth  of  ore  and 
the  amount  of  stripping.  One  cubic  yard  of  ore  weighs  about  two 
and  one-half  tons,  one  ynrd  of'  earth  about  one  ton.  The  average 
depth  of  ore  so  far  revealed  on  several  properties  is  seventy  feet, 
and  the  surftAe  thirty-five  feet  In  other  places  the  ore  is  sixty  or 
even  eighty  feet  thick  and  the  surface  only  twenty,  bnt  for  the  sake 
of  estimation  let  us  consider  the  ore  only  twice  as  thick  as  the  sur- 
face. There  are  then  two  cubic  yards  of  ore  tor  each  cubic  yard  of 
surface.  But  as  each  yard  of  ore  weighs  two  and  one-h^f  tons 
there  are  five  tons  of  ore  for  each  yard  of  surface,  and  if  the  strip- 
ping costs  the  maximum  of  forty  cents  per  yard  the  cost  tor  each 
ton  of  ore  is  eight  cents.  At  the  minimum  of  eis  cents  per  yard 
for  stripping,  the  stripping  cost  ie  only  one  and  one-fifth  cents  for 
each  ton  of  ore. 

"  When  the  surface  is  removed  the  ore  is  practically  in  a  huge 
stockpile,  containing  in  some  instances  several  millions  of  tons. 
At  the  maximum  cost  of  mining  this  by  hand  and  in  hard  ore  the 
cost  of  stripping  and  placing  ore  on  care  is  forty-eight  cents  per 
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tcHi.  The  minimum  oost  at  tba  figures  given  above  ia  eleven  and 
one-fifth  cents.  The  average  is  abont  twenty-nine  and  one  half 
cents.  Bnt  as  there  is  more  soft  ore  than  hard  the  average  may  be 
expected  to  be  aboat  twenty-five  cents.  The  cost  of  timbering 
alone  in  many  mines  on  the  soath  shore  of  lake  Superior  exceeds 
the  total  oost  of  mining  millions  of  tons  of  ore  on  the  Meeabi" 

If  the  cost  of  mining  is  26  cents  the  approximate  oost  of  the  ore 
delivered  at  Cleveland  will  be  $3.10,  distribated  as  follows: 
Cost  of  mining,  -        -        -        -        -        -        9. 25 

Royalty, .60 

Railroad  freight  to  the  lake,      .        .        .        •  .80 

Lake  freight  to  Cleveland, 1.20 

Insurance,  commission,  etc,      -        .        .        .  .25 

$3.10 
These  items  will  vary  Bomewhat.  The  lake  tariff  at  present  is 
bat  tl.OO  to  Cleveland,  and  in  some  cases  the  last  item  will  be  only 
15  cents.  The  royalty,  too,  will  vary,  and  will  average  lees  than 
60  cents.  Different  methods  of  mining  will  vary  in  expense.  The 
above  estimate  is  tor  mining  by  steam  shovels  and  stripping  off 
the  surface.  If  the  method  of  ondergroond  mining  is  adopted  the 
oost  will  exceed  the  figure  given  above. 

The  average  price  for  60  per  cent  beesemer  ore  is  not  tar  from 
$4.25  at  Cleveland.  It  the  large  amount  of  Mesabi  ore  made  sud- 
denly available  should  force  the  price  down  to  $3.75  per  ton,  there 
will  still  bt)  a  profit  for  the  average  Meeabi  mine  operator. 

Quantity  of  Ore  on  the  Mesabi. 

How  much  ore  is  there  on  the  new  range?  How  long  will  it 
last?  These  are  questions  of  importance  and  are  tre^aently  asked. 
The  answer  moet  be  in  the  nature  of  an  estimate  at  present.  Dif- 
ferent experts  of  equal  skill  would  arrive  at  different  results  in  an 
attempt  to  compute  the  ore  in  sight.  Figures  that  represented 
anything  like  the  truth,  even  though  they  were  made  by  a  compe- 
tent and  disinterested  person,  would  be  received  with  incredulity 
by  thoee  not  familiar  with  the  actual  developmente.  Besides,  there 
is  no  doubt  that  much  more  ore  will  yet  be  discovered;  how  much 
is  merely  a  matter  of  speculation.  Hardly  a  week  passes  now 
without  the  announcement  of  a  new  find,  and  new  areas  are  contin- 
ually being  tested  and  found  productive  on  the  properties  already 
nnder  development.  The  Biwabik  company  haa  quite  recently  been 
presented  with  another  mine  on  section  36,  T.  56-18,  by  the  good 
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jadgment  and  iudtutry  of  their  explorer,  Capt  J.  G.  Cohoe.  The 
number  oC  known  merchantabte  depueits  ^re&dy  exceeds  twenty 
and  many  other  promising  locaHties  have  not  yet  been  explored. 

It  is  evident  that  there  iu  ore  in  store  for  many  years  to  come, 
and  that  permanent  investments  and  improvements  of  the  most 
extensive  nature  can  safely  be  made,  based  on  an  expectation  of 
the  Buffioienoy  and  quality  of  this  ore-sapply.  As  already  stated 
contracts  have  been  made  calling  for  the  minimum  prodaction  of 
one  and  a  half  million  tons  per  annum.  This  is  eighty  per  cent, 
more  than  has  ever  been  produced  by  the  Vermilion  range  in  one 
season,  and  is  about  one-sixth  of  the  entire  lake  Superior  product. 
The  yield  of  some  of  the  largest  mines,  like  the  Mountain  Iron, 
MoKinley  and  Lake  Superior,  is  not  included  in  this  minimum 
figure^  nor  are  some  others  like  the  Canton,  Kanawha  and  Great 
Western.  It  is  moreover  likely  that  some  companies  will  ship 
more  than  their  minimum  amount  It  may  not  be  within  the  first 
two  years,  but  after  they  are  quite  ready. 

Tbamsfobtation. 

Extensive  railroad  and  vessel  equipment^  are  necessary  for 
handling  the  prodnct  of  an  iron  range.  It  seems  rather  question- 
able whether  the  railroads  running  to  the  Meeabi  will  be  able  to 
handle  the  ore  which  will  be  offered  them  in  1693.  The  iron  mines 
are  situated  sixty  to  eighty  miles  from  lake  Superior.  At  the  be- 
ginning of  1892  there  was  but  one  railroad,  the  Duluth  and  Iron 
Bange,  which  crossed  the  Mesabi,  and  that  was  twelve  mites  from 
the  nearest  mine.  The  Duluth  and  Winnipeg,  in  running  vest 
from  Duluth,  formed  an  acute  angle  with  the  Iron  Bange  and 
crossed  it  at  Grand  HapidQ,  on  the  Mississippi  river.  During  the 
first  nine  months  of  this  year,  however,  two  roads  were  constructed 
and  put  in  daily  operation  between  Duluth  and  the  new  range. 

The  first  road  completed  was  the  Duluth,  Missabe  and  Northern. 
From  the  Duluth  and  Winnipeg,  at  Stony  Brook,  this  road  runs 
north  over  a  level,  drift-covered  region  for  forty-two  miles  to  the 
Mountain  Iron  mine.  The  road-bed  is  excellent,  and  carves  and 
'  grades  being  few  the  operating  expenses  will  be  light  It  was 
chiefly  through  the  efforts  of  the  late  M.  R  Harrison,  Leonidas 
Merritt,  K.  D.  Chase  and  Donald  Grant  that  this  road  was  bailL 
It  was  put  in  operation  during  the  first  week  in  October.  By  its 
contracts  with  the  owners  and  lesstes  of  several  of  the  largest  mines 
this  railroad  is  already  assured  of  large  business.  A  considerable 
number  of  ore-oars  and  heavy  locomotives  are  now  being  con- 
stmcted  for  this  company. 
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The  ore  brooght  down  over  the  Dulath,  Miasabe  aad  Morthera 
will  be  hacdied  by  the  Dalnth  and  'WinDipeg  between  Stony  Brook 
and  the  docks  on  Allouez  bay.  Thia  road  will  also  handle  ore 
which  wiil'be  delivered  to  them  by  other  branch  roade  to  be  con- 
structed farther  west.  One  of  these  rosda  is  now  being  tuilt  by 
the  Swan  BiTef  Logging  Compauy  from  the  crossing  of  Swan 
river  to  the  mines  in  townships  57-22  and  58-20. 

The  Dulath  and  Iron  Range  branch  to  the  Biwabik,  Canton  and 
other  mines  near  the  town  of  Merritt  was  also  completed  in  Octo- 
ber, 1892.  In  spite  of  many  Berioas  natural  obstacles,  such  as 
heavy  grades,  this  road  has  as  fine  a  track  and  eqaipment  and  is  as 
well  managed  as  any  road  in  the  state.  Its  traffic  is  already  large 
from  the  "Vermilion  range,  and  wilt  manifestly  be  increased  by  the 
large  output  of  the  Mesabi.  It  is  expected  that  both  the  Iron 
Range  and  Misaabe  and  Northern  will  construct  lines  along  the 
range  connecting  the  varioae  towns  and  mines. 

For  assistance  in  many  ways,  for  valuable  information  and  re- 
peated ooortesies,  the  officers  of  the  geological  survey  are  indebted 
to  the  Dniuth  and  Iron  Bange,  the  St.  Paul  and  Duluth,  and  the 
Duluth,  Misaabe  and  Northern  railroad  companies.  The  extension 
and  successful  operation  of  these  roade,  as  well  as  others,  is  for  the 
welfare  and  development  of  the  wealth  of  the  state,  and  they  are 
factors  perhaps  second  to  none  in  forwarding  its  prosperity. 

Value  to  the  State. 

The  best  gauge  of  a  nation's  commercial  and  political  rank  among 
the  nations  of  the  world  is  foond  in  the  record  of  its  mining  and 
mannfactnring  achievements.  The  country  that  makes  the  largest 
use  <^  its  natoral  products  is  the  leader  in  all  that  constitutes  na- 
tional greatness.  One  good  reason  for  the  decadence  of  nations 
formerly  foremost  in  the  world  and  now  of  but  little  importance  i9 
the  want  of  mineral  resources  or  the  ability  to  ntilize  them. 

We  may  go  farther  and  say  that  of  all  natural  resources  there  is 
none  which,  properly  developed  and  applied,  confers  such  great 
riches  and  commercial  importance  on  its  possessor  and  user  as 
ron.  Gold  and  silver  mines  are  valuable  and  their  possession  en- 
riches nations  as  well  as  individoals,  bat  "  he  who  poasesses  iron 
will  soon  be  master  of  the  gold,"  and  ita  benefits  to  civilization  are 
greater  and  far  more  lasting. 

Which  are  the  leading  countries  in  the  world  to-day?  The 
United  States  and  England  are  probably  foremost  in  all  that  de- 
Qotm  prosperity  and  greatness.     Which  are  the  largest  producers 
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and  ooDBamerB  of  iron  ore?  The  aame  two  by  long  odds,  haTing 
yielded  together  more  than  fifty  per  cent  of  the  world's  oatpat  in 
the  year  1U89. 

The  same  tmth  is  borne  ont  by  a  consideration  of  the  different 
States  of  the  United  States.  The  four  most  popnlons  and  wealthy 
States  in  the  Union  are  NewTork,  FennBylrania,  Illinois  and  Ohio. 
In  1890  these  tour  States  ranked  Tespeotively  fifth,  firsts  fourth  and 
third  in  the  production  of  pig  iron,  having  prodaoed  iu  the  aggre- 
gate 73.5  per  cent,  of  the  entire  yield  of  the  United  States.  In  the 
prodnotion  of  steel  they  ranked  in  the  same  order. 

In  Michigan,  Wisconsin  and  Minnesota  there  was  an  average  in- 
crease in  population  amounting  to  forty-one  per  cent,  in  the  decade 
from  1880  to  1890.,  In  these  States  the  production  of  iron  ore  in- 
oieaeed  in  a  more  than  corresponding  ratio.  The  average  iuorease 
of  Michigan  and  Wisconsin  was  1210  per  cent.,  while  Minnesota, 
which  did  not  appear  as  a  prodaoer  in  the  tenth  oensue,  ranks  J?//A 
among  the  States  in  the  eleventh.  These  commonwealths  have  not 
derived  their  fall  benefit  from  this  large  prodaction  of  iron  ore  for 
two  reasons.  First,  they  have  been  prodncers  bat  a  few  years. 
Second,  their  ore  has  been  shipped  away  to  be  consnmed  in  other 
regions;  and  it  is  not  merely  the  production  of  iron  ore,  .bat  the 
combined  prodaction  and  oonsamption  or  manafaotare  of  iron  that 
results  in  the  greatest  growth  and  prosperity. 

With  the  exploitation  of  the  mines  on  the  Me&abi  there  will  arise 
communities  of  inhabitants  who  will  populate  the  northern  portion 
of  the  state  more  rapidly  than  woald  be  the  case  for  almost  any 
other  rei^OD.  All  the  indastries  connected  with  mining  and  the 
support  of  a  large  number  of  people  will  be  rapidly  promoted.  Bat 
the  greatest  good  will  come  only  from  the  eetablishment  of  fur- 
naces to  reduce  the  ore  and  factories  to  make  finished  articles  for 
shipment  to  the  western  markets. 

Minnesota  has  within  her  borders  the  greatest  iron  district  known 
in  the  world  to-day.  It  lies  within  her  power  to  become  the  lead- 
ing state  in  America.  With  these  facts  before  them  it  is  incum- 
bent apon  the  citizens  of  this  commonwealth  to  consider  most  seri- 
ously how  to  derive  the  greatest  benefits  from  her  mineral  wealth. 
It  is  a  sober  fact  that  more  merchantable  iron  ore  is  already  known 
to  exist  on  the  Meeabi  range  than  has  been  produced  from  all  the 
other  mines  in  the  lake  Superior  region  since  they  were  first  dis- 
covered. With  this  possibility  of  unprecedented  prosperity  and 
industrial  growth  every  facility  and  in-iucement  should  be  extended 
to  those  who  may  establish  furnaces  and  f actoriee  within  onr  boan- 
daries. 
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DiscoTeries  of  ore  on  lands  owned  and  leased  by  the  State  already 
promise  an  annual  income  of  a  qnaiter  of  a  million,  to  be  paid 
directly  into  the  State  treasary  in  the  shape  of  royalties.  The  erec- 
tion of  blast  furnaces  to  consame  this  ore  wonld  resnlt  in  benefits 
to  the  state  at  large  eqnal  to  seTeral  timeE  the  amount  of  these 
royalties.  It  might  be  a  wise  move  on  the  part  of  the  State  to  pay 
a  boDnty  on  each  ton  of  ore  reduced  within  her  limits.  If  this 
bounty  were  simply  enongb  to  offset  the  royalty  it  would  be  a  con- 
siderable inducement  for  the  establishment  of  furnaces,  and  would 
he  a  paying  investment  for  the  State. 

CLASSIFICATION    OF  THE   THEORIES  OF  THE  ORIQIN  OF  IRON  0RE8.^ 

In  discussing  the  various  theories  proposed  for  the  origin  of 
iron  ores  in  Bulletin  No.  6,  the  scheme  or  order  adopted  by  Prof- 
A.  A.  Julieu  was  followed.  It  has  not  proven  entirely  satisfactory, 
being  often  inconTenient  and  confusing.  The  following  classifi- 
cation may  be  used  in  the  study  of  the  subject  with  a  clearer 
nnderstandiog  of  the  differences  in  the  ideas  entertained  by 
geolcgiatB  on  this  interesting  question: 

A.  Mbchanicai,. 

a.  Extra-terrestrial  or  cosmical. 
1.    Meteoric  fall.      [l.]t 

b.  Terrestrial. 

1.  Sub  terra  Dean— eruption     in    dykes     or    accompaDytng    basaltic 

flows,      (2.] 

2.  SuperQclal  action. 

a.    Tiolent  abrasion  and  transport.     [13.1 

6      Ordinarv  proston  i  ^-    Concentration  of  Iron  sands.  fU.] 

0.     uramary  erosion.  J  2_    Oceanic  sedimentation.  [8.] 

B.  Chemical. 

a.    Cbanges  In  situ. 

1.  Cbange  In  the  kind  or  quantity  ot  iron  already  present  in  the 

rocks, 

a.  Alteration  of  diffused  ferric  oxide  intu  ferrous  carbonate.     [10. 

b.  Metamorphism  of  bog  ore.     [II.] 

c.  Melamorphlsm  of  lakeore.    [12.] 

d.  Alteration  of  ferrous  carbonate  or  sulphide  Into  ferric  oxide. 

[S  In  part.] 

2.  Cbange  in  the  kind  or  quantity  of  other  minerals. 

a.  Substitution  of   iron  oxide  for  some  n on- ferriferous  mineral. 

[17.] 

b.  Concentration,  by  removal  ot  other  constituents.    [4.]    Similar 

toBal. 

lAmerican  Geologist,  Nov.,  ]S92,  Voi.  X.,  Ko.  5,  p.  271. 
tFtgurea  In  brackets  refer  to  the  theories  as  numbered  and  discussed 
In  "The  Iron  Ores  of  Minnesota,"  Bulletin^o.  6,  Minn.  Geol.  Survey. 
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c    Electro-telluric  action.    [16.] 

Removal  by  chemical  action  and  subsequent  deposition. 
1.    By  action  of  beat— subllmatioo.    [3.] 
1    By  action  of  water. 

I.    Oceanic  precipitation.    [8  In  part.] 
I  a,    Secondary  product  of -the  de- 
In  drainage  baeln8.i  |  composition   of   basic   rocks 

\  [18.] 

I  b.    Secondary    product    from   the 
I  decomposition  of  pyrJte.    p.] 


b.    In  the  rocks.  ] 


\  I.    Saturation  of  porous  strata.    [5.] 
(2.    InQltratlon  Into  cavities.    [6,15.] 
Deposit  by  springs.    [9.] 


GOAL  IN   NOBTHEBH  MINNESOTA. 

Daring  the  past  year  there  have  been  frequent  reports  of  the 
dUoovery  of  cosl  in  the  region  north  of  Daluth.  The  develop- 
ment of  each  extensive  iron  mines  and  the  great  desirability  of 
ooal  depoeite  that  can  be  need  in  connection  with  the  iron  has 
added  to  the  interest  with  which  snch  reports  are  osually  received. 

The  opinion  of  the  state  geologist  and  the  writer  han  been 
frequently  expressed  that  the  only  coal  of  any  sort  in  the  northern 
part  of  the  state  is  in  thin  seams  of  brown  ooal,  occuring  in 
Cretaceous  shales,  which  were  found  in  patches  on  the  Little  Fork 
river  by  the  writer  in  1888.  This  coal  is  not  of  good  quality  and 
the  discovery  of  large  amounts  in  thick  beds  would  not  be  of  such 
great  importsDCO  aa  the  newspapers  would  have  us  believe. 

At  the  same  time  lignite  is  used  to  a  considerable  extent  in 
treeless  regions  as  fuel  for  ordinary  heating  and  cooking  purposes. 
In  Texas  and  Dakota  ench  coal  is  mined  in  considerable  quanti- 
ties. Qrates  of  a  particular  pattern  are  devised  in  which  to  burn 
this  coal  and  it  plays  quite  ah  important  part  in  the  domestic 
economy  of  those  regions.  It  is  need  in  the  form  of  briquettes 
in  Germany.  These  briquettes  are  made  by  drying  the  brown 
ooal  until  the  water  it  contains  is  nearly  all  driven  off  and  then 
subjecting  a  mass  oE  it  to  a  pressure  of  fifteen  hundred  to  two 
thousand  atmospheres.  The  resulting  briquette  is  elliptical  in 
form,  about  six  inches  long  and  one  inch  thick.  It  is  so  hard 
that  it  will  not  absorb  moisture  even  though  laid  in  water  for  some 
time.  This  ooal  is  too  fine-grained  and  not  compact  enough  to 
use  in  blast  furnace  practice.  If  this  brown  ooal  should  be  found 
dehydrated  and  consolidated  by  heat  or  pressure  consequent  on 
eruptions  or  excessive  faulting  in  the  rooks,  it  would  have  a  much 
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greater  valaa  It  Ib  not  impossible  that  such  deposito  may  be 
fonnd  ID  some  of  ihe  large  areas  northwest  of  Dalath  as  yet  bat 
little  explored  by  the  geological  surrey.  It  is  quite  desirable  that 
some  farther  ezamioation  be  made  of  this  region  in  coBuectioB 
with  more  thorough  and  careful  mapping  of  the  rooks  of  the 
Mesabi  range.  The  value  of  good  coal  deposits  cannot  be  over- 
estimated,  and  if  we  have  such  in  Minnesota  the  sooner  we  know 
it  the  better. 
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INTKODUOTION. 

The  proeecation  of  geolc^cal  investigations  for  the  Greologtoal 
Rarrey  of  Canada  in  the.  region  northwest  of  lake  Superior  af- 
forded the  writer  annual  opportunities  of  obtaining  cursory 
glimpses  of  the  ooast  of  the  great  inland  sea  itself,  and  on  a  few 
oooaBions  of  making  a  very  limited  reconnaissance  of  particular 
portions  of  it  He  never,  however,  had  the  good  fortune  to  be 
able  to  examine  its  geological  features  in  detail.  Those  features, 
even  to  bis  limited  acquaintance  with  them,  appeared  ever  both 
grand  and  simple,  and  seembd  to  yield  to  mere  inspection  an  ezpo- 
sitioQ  of  the  great  principles  of  physical  geology,  which  in  force 
and  oleamess  was  second  to  none  he  had  i^et  with  either  in  read- 
ing or  in  traveling. 

Working  gradually  eastward,  therefore,  the  writer  had  before 
him  the  prospect  of  some  day  entering  upon  the  investigation  of 
that  interesting  aud  rarely  paralleled  line  of  accessible  rock  ex- 
posure, the  "north  shore"  of  lake  Superior,  and  of  presenting  a 
detailed  account  of  the  relations  there  revealed  as  a  contribution  to 
geological  snenoe.  The  'severance  of  his  connection  with  the 
Canadian  survey  in  the  spring  of  1890  obscnred  this  prospect,  but 
the  writer's  thoughts  still  turned  in  that  direction.  In  the  follow- 
ing year  after  having  settled  at  the  University  of  California,  it 
seemed  to  be  advisable,  before  engaging  in  new  investigations  on 
the  Pacific  coast,  to  revisit  lake  Superior  for  the  purpose  of  pro- 
coring  information  relative  to  some  minor  geological  problems, 
which  had  been  suggested  to  the  writer  in  the  aourse  of  such  par- 
tial and  nn satisfactory  sxaminations  as  he  had  formerly  been  able 
to  make.  Among  these  problems  was  an  inquiry  into  the  charac- 
ter of  the  ancient  shore  lines  of  the  laka  EStimnlated  by  the  in- 
teresting results  obtained  by  Upham  and  Tyrrell  in  the  lake 
Agassiz  basin  to  the  west  and  by  Gilbert  and  Spencer  in  the  lake 
Ontario  (Iroquois)  region  to  the  east  as  to  the  deformation  of  an- 
cient shore  lines,  the  writer  had  been  particularly  attracted  by  the 
evidence  of  former  high  elevations  of  the  lake;  and  had  made 
some  effort  to  gain  definite  information  as  to  the  distribution  of 
terraces  and  beaches,  and  as  to  the  probability  of  a  detailed  in. 
qoiry  yielding  sufficient  data  for  purposes  of  generalization. 


,Coo»^lc 


184  TWENTIETH   ANNPAL  BEPOBT 

The  interest  and  importance  of  each  an  inqairy  lies,  of  ooarae, 
in  the  evidenoa  which  it  affords  oE  local  instability  of  the  crost  of 
the  earth.     Oo  oceanic  coast  tines  evideDces  of  recent  differential 
movements  of  the  crast  are  ordinarily  not  difficnlt  to  observe. 
Such  movementa  are  not  confined  to  the  vicinity  of  these  coasts  bat 
are  probably  common  in  the  interior  as  well  as  on  their  periphery. 
Bat  the  evidence  which  makes  this  statement  possible  has  until  re- 
cent years  been  very  meagre,  and  indeed,  scarcely  safficlent  to 
satisfy  the  demands  «£  exact  kuowledfie.     In  the  interior  of  the 
continents  there  is  no  abs[4«ta  datum  sach  as  is  offered  by  the 
aarface  of  the  ocean  to  which  may  be  conveniently  referred  the 
altitades  of  the  land.     There  is  not  a  sfliof  agencies,  snch  as  the 
shore  action  of  the  sea,  to  score  on  the  elopes  a  definite  horizon 
that  may  be  readily  recognized  as  out  of  place  when  lifted  beyond 
the  reach  of  those  agencies.    The  allied  action  of  lake  shores  pro~ 
daoee  similar  horizontal  impressions,  bat  the  lake '^ay  go  apor 
down  with  the  portion  of  the  continent  in  which  it  lieEt^nd  other- 
wise share  its  movements,  so  that  when  such  horizontal  sl^ore  lines 
are  seen  high  above  the  waters  of  a  lake  they  are  usnally  Ittft  there 
by  the  mere  subsidence  of  the  level  of  the  lak&      Thus  the^  is  no 
means  of  measnriog  the  absolute  vertical  movement  of  any  pbrtion 
of  the  interior  of  a  continent,  except  by  the  laborious  and  ofletly 
method  of  carrying  lines  of  levels  to  the  sea  shore.     But  forVhe 
more  immediate  purposes    of    geological   science     the    absolute 
measure  of  such  movements  is  not  needed.     The  science  will  be 
enriched  in  proportion  as  means  are  discovered  recognizing  tnle 
fact  of  recent  differential  vertical  movements  of  the  cruat  in  reA 
gions   remote  from   the  sea  and  of  affording  some  approximate  V 
measure  of  their  extent  without  reference  to  any  absolute  datum.   ' 
Snch  a  means  has  been  supplied  by  the.  modern  study  of  the  de-     \ 
velopment  of  topographic  forms,  a  study  that,  thanks  to  the  mas-     \ 
terly  lines  that  have  been  laid  down  by  Gilbert,  Davis,  McGee,      \ 
Ghamberlin  and  other  leaders  of  the  present  time,  bids  fair  to       ; 
become  one  of  the  most  important  fields  of  research  to  engage  the       ; 
attention  of  the  coming  generation  of  American  geologists. 

As  one  result  of  snch  topographic  studies  it  appears  that  in  in- 
terior regions  we  may  have  good  evidence  both  of  the  fact  and  of 
the  measure  of  differential  movements  of  the  crust  in  (1),  the 
character  of  stream  erosion  and  deposition,  and  (2),  the  deforma- 
tion of  the  abacdoned  shore  lines  of  lakes.  It  is  now  generally 
recognized  that  streams  are  extremely  sensitive  to  any  change  in 
the  slope  of  their  trenches  or  of  any  portions  of  them.  There  is  a 
uniform  minimam  slope  which  they  constantly  seek  to  establish 
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and  maintalD.  Any  movemeot  of  the  land  leaves  Ha  record  in  a 
change  in  the  inteoBity  of  the  action  of  the  Btream,  whether  it  be 
catting  or  depositing;  and  in  non-glaoiated  reftions  Btreams  are  now 
systematically  inspected  by  geologiBtB  for  the  purpose  of  ascertain- 
ing whether  the  country  traversed  by  them  has  been  uplifted  or 
depressed,  or  has  raaintaiiied  a  fairly  constant  altitude.  Evidence 
of  this  kind  is,  however,  not  always  available. 

The  peculiar  topography  of  certain  regions  is  doe  to  the  fact  of 
their  having  been  occupied  in  comparatively  recent  times  by  lakes 
which  have  now  wholly  or  partially  disappeared.  One  of  the  charao- 
teristic  featoresof  suoha  topography  is  the  presence  of  ancient  shores 
of  the  lake  at  varions  altitudes  on  the  slopes  of  the  basin,  marking 
as  many  stages  of  the  water.  These  strand  lines  are  often  traoe- 
a'ble  as  contours  for  handreds  of  miles,  and  in  some  oases,  as  for 
example  on  lake  Bonneville,  the  highest  of  saoh  strand  lines  is  a 
sharp  demarkation  between  two  classes  of  topography,  the  one  that 
of  ihe  once  sabmerged  basin  and  the  other  that  of  the  hills  above 
the  highest  level  of  the  lake.  These  strand  lines  were  once  of 
course  horizontal.  At  the  present  day  they  are  frequently  found 
to  vary  from  horizontality  in  a  marked  degree,  and  in  this  case  they 
are  said  to  have  snffered  deformation.  This  deformation  affords 
ns  at  once  a  pioof  and  an  approximate  measure  of  the  local  difFer- 
ental  movements  of  the  orust.  Among  the  most  remarkable  in- 
stances of  such  deformation  of  ancient  shores  are  the  cases  of.  lakes 
Agassiz  and  Iroquois;  the  former  a  glacial  or  poet-glacial  extension 
of  lake  Winnepeg,  and  the  latter  a  corresponding  extension  of  lakes 
Ontario,  Erie  and  Hnron. 

The  ancient  shore  lines  of  lake  Agaesiz  have  been  traced  by 
Upham  and  Tyrrell  on  the  front  of  the  Pembina  escarpment  in 
practical  continuity  for  many  hundreds  of  miles  on  the  open 
prairie,  and  are  found  to  ascend  tothe  northward  atthe  rate  of  from 
six  to  sixteen  inches  to  the  mile.  * 

The  measurements  of  Gilbert  and  Spencer  on  the  ancient  strand 
lines  of  lake  Iroquois  show  that  they  slope  in  a  similar  fashion. 
Thus  there  is  very  explicit  evidence  of  the  differential  movement 
of  the  land  surface  of  North  America  in  two  extensive  regions  ly- 
ing on  either  side  of  the  lake  Superior  basin.  In  view  of  this  fact 
it  becomes  a  matter  of  very  considerable  interest  to  ascertain  what 
evidences  the  ancient  strand  lines  of  lake  Superior  afford  of  dif- 
ferentfd  cmstal  movements.  This  was  the  motive  of  the  present 
inquiry.  The  fact  of  the  former  high  elevation  of  lake  Superior 
has  long  been  known,  though  not  to  the  extent  to  which  the  writer 
is  now  able  to  establish. 
13  e 
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Logan  in  hifi  report  of  the  geological  Barvey  of  Canada,  1847,  re- 
cords the  oocarrenoe  of  terraces  below  the  Petite  Eorits  (Terrace 
bay)  risiDg  to  an  elevation  of  331  feet  above  the  lake.  Terraces 
rising  to  nearly  100  feet  on  the  sonth  side  of  the  lake  were  de- 
scribed and  their  signifiaanoe  appreciated  in  Foster  and  Whitney's 
"Report  on  the  Geology  and  Topography  of  a  portion  of  the  Lake 
Superior  Land  District,"  Part  1, 1850,and  Agassiz  in  his  "Lake  Su- 
perior," 1850,  diflouBBes  the  terraces  observed  by  him  in  his  trip 
around  the  "north  uhore"  and  cites  Logan'e  measaremeots. 

Bat  while  the  former  high  elevation  of  the  lake  was  known,  no 
effort  whatever  had  been  made  to  trace  the  strands  around  the  coast 
and  no  snggestion  had  been  offered  as  to  whether  they  maintained 
their  original  horizontality  or  had  been  thrown  into  iocliniMl  atti- 
tudes. There  was  thus  a  aerions  gap  in  onr  knowledge  which,  it  is 
hoped,  will  be  in  some  measure  filled  by  the  information  contained 
in  this  paper. 

At  the  ontnet  of  the  inquiry  it  was  proposed  simply  to  secore 
aocarate  data  as  to  the  altitude  of  the  various  strand  lines  at  as 
many  points  bb  possible  and  to  gather  evidence  which  would  help 
to  trace  particular  strands  around  the  coast.  As  soon  as  the  work 
waB  b^pin,  however,  a  oomparisoD  was  Dstarally  instituted  between 
the  oharaeters  of  the  present  strand  and  those  of  the  ancient  and 
abandoned  strands,  the  altitudes  of  whiob  were  sought. 

This  led  to  a  consideration  of  the  topography,  not  only  of  the 
immediate  shore  line,  but  also  of  the  general  coast  of  the  north  side 
of  the  lake.  It  was  found  that  the  ooaet  presented  very  striking 
contrasts  of  topographical  character  which  were  due  to  marked 
differences  in  the  petrographical  and  stractaral  geology  of  its  dif- 
ferent portions.  Thus,  in  the  oooTBe  of  the  search  for  elevated 
beaches  and  terraces,  sufficient  information  was  gained  to  serve  for 
a  general  sketch  of  the  topography  of  the  north  coast  of  the  lake 
from  Duluth  to  Sault  Ste.  Marie.  The  ancient  strands  of  the  lake 
are  now  simply  topographic  features  which  are,  for  the  most  part, 
displayed  along  the  coast  at  no  great  dietance  from  the  shore.  It 
aeemed  best,  therefore,  to  include  the  discussion  of  these  sp^al 
features  in  a  more  general  disouBsion  of  the  topography  of  the 
oosst  This  disouBsion  does  not  pretend  to  be  in  any  sense  ex.- 
haustive.  It  is  a  mere  eketoh  which  would  be  unwarranted  were 
there  any  satisfactory  account  of  the  topography  of  the  north  side 
of  lake  Superior  to  be  found  in  geological  literatura  Even  as  a 
sketch  this  deecriptiou  of  the  general  topography  of  the  coast  suf  • 
fers  from  the  haste  in  which  the  work  was  done,  the  entire  trip 
from  Duluth  to  Saalt  Ste.  Marie  occupying  only  two  months;  and 
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also  from  the  fact  that  the  writer  had  no  special  qualifications  for 
the  work  other  than  hiB  general  familiarity  with  the  geology  of  a 
portion  of  the  region.  It  ie  hoped,  however,  that  the  exact  data 
which  have  been  obtained  regarding  as  many  of  the  ancient  strandi 
of  the  lake  ae  coald  be  seen  from  oS  its  present  shore  will  com- 
pensate tor  what  may  be  lacking  in  the  general  aooonnt  of  the 
coast;  and  that  what  is  here  set  forth  may  be  an  incentive  to  others 
to  make  more  detailed  and  therefore  more  valuable  examinations 
of  its  varions  parts. 

GEOLOGICAL    PEOVINOES  PROIJTINa  ON  LAKE 
SUPEEIOR. 

There  is  a  very  evident  relationship  between  the  general  topo- 
graphy of  the  north  side  of  lake  Superior  and  the  geological  con- 
ditions which  obtain  in  different  portions  of  its  extent .  Between 
Duluth  and  Sault  Ste.  Marie  there  are  four  great  geological  prov- 
inoea  fronting  on  the  lake.  These  are  the  Keweenian,  the  Animi- 
kie,  the  Archiean  and  the  Potsdam. 

The  Keweenian  oocnpies  the  entire  Minnesota  coast  from  Da- 
loth  to  Grand  Portage.  Beyond  this  point  the  various  formations 
of  the  Keweenian  are  probably  geologically  continuous  around  the 
whole  of  the  north  shore,  but  the  out-crop  of  the  rooks  is  mosQy 
confined  to  the  islands  which  fringe  the  coast  and  to  the  peninsu- 
las terminating  in  Thunder  cape  and  Magnet  point,  which  are  here 
regarded  as  part  of  the  island  fringe  rather  than  of  the  main  land. 
A  few  outlying  patches  are  also  found  at  different  points  on  the 
main  shore,  but  these  are  qnite  limited  in  extent  except  in  the 
vicinity  of  Nipigon,  where  a  neck  of  these  formations  connects  the 
lake  Superior  Keweenian  basin  with  the  extensive  interior  Kewee- 
nian basin  of  lake  Nipigon. 

The  Animikie  rocks  occupy  the  main  shore  of  the  lake  uninter- 
ruptedly from  Grand  Portage  to  Port  Arthur  and  also  the  chain  of 
islands  which  stretches  from  Pigeon  point  to  Thunder  cape.  From 
Port  Arthur  onward  to  the  meridian  of  the  Slate  islands  the  Ani- 
mikie formations  are  geologically  continuous,  but  are  much  inter- 
rupted along  the  shore  by  projecting  areas  of  the  underlying  Ar- 
cheean,  and,  on  the  peninsulas  between  Thunder  bay  and  Nipigon 
bayi  by  overlying  sheets  of  the  Keweenian. 

The  Archaean  shares  the  coast  line  with  the  Animikie  and  Ke- 
weenian from  the  vicinity  of  Port  Arthur  to  the  eastern  end  of 
Nipigon  bay .  Beyond  Nipigon  bay  as  far  as  the  oatlet  of  the  lake 
the  ooast  yields  to  the  rugged  dominion  of  the  Archfean;  the  only 
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eecoeptioiis  being  the  Eeweenian  outliers  of  Gargantna  and  Ma- 
maiuee  and  the  flat-lying  patobee  of  Potsdam  in  the  vicinity  of 
Qonlai'B  bay  and  Saalt  Ste.  Marie. 

These  Potsdam  formations  constitate  the  fonrth  geological  pro- 
vinoe;  and,  altboagh  its  extent  on  the  lake  shore  is  very  limited, 
the  rooks  composing  it  have  an  extensive  distribntion  as  is  shown 
by  their  presence  on  several  of  the  larger  islands  oS  this  part  of 
the  coast,  and  macb  of  the  character  of  the  southeasterly  part  of 
the  lake  is  due  to  their  presence.  The  Potsdam  sandstones  are 
also  of  peculiar  interest,  inasmuch  as  they  form  the  dam  in  the  St, 
Mary'a.river  which  holds  the  waters  of  the  lake  at  their  present 
level; — a  dam  which  has  evidently  only  recently  been  rendered 
functional  by  the  lowering  of  the  waters  of  lake  Huron  below  the 
level  once  occnpied  in  common  by  that  lake  and  lake  Superior. 

Corresponding  to  each  of  these  great  geological  provinces,  there 
is  a  distinct  type  of  coastal  topography.  And  here  it  may  be  well 
to  draw  a  distinction  between  those  elements  of  the  topography, 
which  from  Gilbert's  classic  work  have  come  to  be  regarded  as  the 
"topographic  featores  of  lake  shores"  and  what  may  more  compre- 
hensively be  designated  the  coastal  topography.  On  any  rocky 
coast  line  of  a  lake  there  may  be  developed  certain  topographic 
elements,  the-  perfection  of  form  of  which  may  be  evolved  practi- 
cally independently  of  the  varying  character  of  the  geological  con- 
dilaons  of  the  coast.  Of  these  topographic  elements  we  have 
beaches,  bars,  spits,  terraces,  sea-cliffs,  caves,  pot  holes,  etc.  These 
are  the  direct  product  of  wave  action  along  the  shore  and  may  be 
common  to  all  lakes.  They  will  therefore  be  referred  to  briefly  as 
the  "shore  features."  The  term  "coastal  topography"  embraces 
these  and  also  those  features  which,  though  not  necessarily  devel- 
oped by  shore  action,  are  well  displayed  along  the  coast  line  and 
are  of  a  local  character  and  peculiar  to  any  given  lake  or  to  several 
lakes  existing  under  similar  geological  and  physiographic  oondi- 
tioos. 

Just  what  should  be  comprised  under  the  designation  "coast"  is 
somewhat  difficult  of  definition.  That  there  is,  however,  a  definite 
belt  of  the  land  extending  bao^  from  the  shore  to  a  varying  extent, 
which  is  commonly  recognized  as  the  coast,  goes  without  saying. 
The  area  recognized  by  the  U.  S.  coast  and  geodetic  survey  as 
the  "coast"  appears  to  he  that  portion  of  tbe  land  visible  from  a 
ship  sailing  within  easy  distance  of  the  shore.  It  may  also  be  gen- 
erally described  ae  tbe  more  or  less  rudely  beveled  edge  of  a  con- 
tinental tract  where  it  breaks  away  in  altitude  to  form  the  margin 
of  a  topographic  basin  occupied  by  water. 
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The  coastal  topogrspliy,  tlien,  of  lake  Superior,  as  thus  nnder- 
etood,  is  determined  in  each  geological  province  by, the  couditioiiB 
pecnliar  to  that  province.  Even  the  common  "shore  featares," 
such  as  beaches  and  wave  bailt  terraces,  althongh  foand  io  equal 
perfection  of  form  in  different  provinces,  ttre  clearly  affected  by  the 
geological  conditions,  and  their  development  is  not  always  simply 
a  qnestion  of  a  given  amount  of  wind  and  water  and  time.  The 
'  material  of  which  they  are  constructed  is,  for  example,  largely 
eztra-Iacustriae  in  its  derivation.  The  waves  supply  themselves 
often  with  but  a  aabordinate  proportion  of  the  materials  which  they 
employ  in  the  construction  of  topographic  forms,  particularly  along 
the  front  of  the  Archwan  province.  The  great  bulk  of  the  material 
is  brought  down  by  stream  action  and  sab-aerial  agencies.  The 
abaodance  of  this  material  and,  therefore,  the  number  and  aggre- 
gate extent  of  beaches,  bars,  spits  and  terraces,  varies  directly  with 
the  character  of  the  rocks  and  with  the  presence  or  absence  of 
morainic  accnmulations. 

The  depth  of  water  and  the  angle  of  the  sub-aqueons  slope  also 
are  conditions  which  materially  affect  the  development  of  such 
struotnres,  and  both  of  these  conditions  vary  with  the  geological 
character  of  the  shore.  It  will  thus  be  found  that  the  "dhore  feat- 
ures" proper  vary  as  to  their  abundance  and  extent  according  to 
the  readiness  with  which  the  rooks  of  any  given  province  yield  the 
materials  for  construction,  and  according  as  the  sub-aqueous  slope 
is  Favorable  or  the  reverse.  Other  conditions  are  the  character  of 
the  streams  entering  the  lake  and  the  time  during  which  the  lake 
has  remained  at  the  same  level.  The  latter  is,  however,  a  condi- 
tion which  is  a  constant  quantity  for  all  parts  of  the  shore  of  the 
lake.  But  these  "shore  features"  proper  are  but  small  and  subor- 
dinate elements  of  the  sum  total  of  the  coastal  topography  of  the 
north  shore  of  lake  Superior. 

A  very  important  feature  of  the  topography,  and  one  strictly  de> 
pendent  npon  the  character  of  the  rocks,  is  the  shore  contour  or  the 
line  of  intersection  of  the  coastal  slope  and  the  surface  of  the 
water.  This  embraces  both  the  general  form  of  the  lake  or  the 
trend  of  its  shores,  and  the  sinuosities  and  indentations  subordi- 
nate to  that  general  trend.  The  general  trend  of  the  north  shore 
of  lake  Superior,  although  a  dominant  element  of  the  topc^raphy, 
has  practically  no  relation  to  littoral  forces;  and  even  the  detailed 
forms  and  minor  sinuosities  of  the  contour  are  ascribable  on  these 
rooky  coasts  only  in  part  to  differential  erosion,  a  major  portion 
representing  simply  a  horizontal  section  through  pre-existing 
forms. 
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Another  feature  of  scarcely  less  prominence  on  the  ooaat  is  that 
which  become^  apparent  in  longitudinal  profiles  along  the  mean 
local  trend  of  the  shore.  Snoh  profiles  indicate  the  hight  and  bold- 
ness  of  the  promontories,  headlands  and  minor  projections  of  the 
coast.  The  breadth  of  such  features  is  also  shown,  bat  this  dimen- 
sion is  better  read  off  from  the  shore  contour  where  the  variation 
is  apparent.  The  character  of  the  profile  may,  like  the  details  of 
the  shore  contour,  be  due  either  to  differential  shore  erosion  or  to 
the  sabmergenoe  of  pre-lacnstrine  forms.  On  lake  Superior  these 
profiles  are  for  the  moat  part  vertical  seGtioas  of  partially  sub- 
merged forms  which  antedate  the  lake,  and  their  aspect  is  peculitir 
to  each  of  the  geological  provinces. 

Still  another  feature  of  the  coastal  topography,  and  the  most 
important  for  the  purposes  of  an  inquiry  into  ancient  shore  lines, 
is  that  which  is  best  represented  by  series  of  profiles  transverse  to 
the  shore.  It  is  that  element  of  the  topography  which  is  depend-  . 
ent  upon  the  bight  of  the  land  in  the  vicinity  of  the  shore  con- 
tours and  upon  the  shoreward  elope,  which  slope  may  be  modified 
by  the  presence  of  shore  features  developed  at  levels  of  the  lake 
now  abandoned.  For  very  considerable  stretches  of  the  coast, 
however,  these  modifying  features  are  absent,  the  bald  rocky  slopes 
having  retained  no  impression  of  former  occupation  by  the  waters 
of  the  lake;  and  in  this  case  the  transverse  profile  is  practically 
independent  of  littoral  action.  In  order  to  make  clear  to  what 
extent  these  various  elements  of  the  coastal  topography  are  depen- 
dent apon  the  conditions  peculiar  to  each  geological  province,  it 
will  h6  necessary  to  review  briefly  the  structure  of  the  entire 
coast. 

GEOLOaiCAL     AND    PHYSIOGRAPHIC     CONDITIONS 
PECULIAR  TO  EACH  PROVINCE. 

The  Keweenian  from  Dulnth  to  Grand  Portage  consists  essen- 
tially of  a  well  stratified  series  of  volcanic  flows,  having  a  gentle, 
but  very  constant,  lakeward  dip,  which  does  not  exceed  as  a  general 
rule  ten  degrees.  The  sedimentary  formations  are  represented 
also  in  the  series,  but  only  to  a  very  limited  extent,  and  occupy 
less  then  one-half  per  cent  of  the  coast  line  between  the  points 
above  mentioned. 

The  pre-Keweenian  surface  upon  which  the  series  rests  is 
exposed  at  a  number  of  points  on  the  shore,  but  its  exposure  at 
any  one  place  is  comparatively  small.  The  rocks  of  which  it  is 
composed    are    massive,    coarse-grained,  granular   aggregates  of 
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labradorite  *Eiiid  are  similar  to  rocks  which  are  well  known  in  the 
Archeean.  They  ara  donbtluBS  ArohsBan  inliers  within  the  Kewee- 
nian  proviDoe,  and  tbey  exhibit  all  the  evideDoeB  t^  profoand 
erosion  and  rounding  which  the  Archaean  shows  at  other  points  on 
lake  Superior  where  overlapped  by  the  Keweenian. 

Since  the  time  of  their  oatflow  over  this  surface  of  preeomably 
Arcfa^an  rocks,  the  Keweeaian  strata  have  not  snfFered  any  dis- 
tarbance  saffioient  to  fold  or  even  to  tilt  them  to  any  noteworthy 
extent  The  prevaling  lakeward  dip  at  low  angles  is  probably 
partly  doe  to  the  altitnde  of  the  slope  over  which  the  lavas  flowed, 
rather  than  entirely  to  a  differential  movement  of  once  horizontal 
strata. 

Bat,  while  the  Keweenian  formations  have  remained  almost 
exempt  from  disturbances  of  this  kind,  they  have  been  profoundly 
affected  in  another  way,  and  the  geological  stractare  is  more  com- 
plex than  might  be  inferred  from  the  simple  statement  of  the 
composition  of  the  series  as  above  givep. 

The  series  has  been  invaded  by  very  many  later  intrusive  masses, 
which  appear  along  the  line  of 'the  present  coast  either  as  dykes, 
or,  more  commonly,  as'injeoted  sills;  whilethere  are  also  not  a  few 
masees  of  igneous  rocks  which,  considering  the  very  limited 
study  that  has  been  given  to  the  geoI<:q^  of  the  coast;  it  would  be 
rash  to  place  definitely  either  with  the  regular  l)edded  constitaents 
of  the  series  or  with  the  later  masses  which  cut  it,  although  they 
doubtless  belong  to  one  or  the  other  of  these  categories.  The  dykes 
usually  do  not  vary  mncH  from  the  vertical,  and  the  intrusive  sills 
coincide  with  the  planes  of  stratification  of  the  bedded  flows. 

Very  large  portions  of  the  rocks  of  the  Keweenian  series  are 
vesicular  or  amygdaloidal  in  character,  and  many,  particularly  those 
of  an  acid  composition  in  which  the  vesicular  structure  is  not  as 
well  developed  as  in  the  more  basic  flows,  are  traversed  by  irregu- 
lar joints  to  BO  remarkable  a  degree  that  it  is  scarcely  possible  to 
secure  the  smallest  hand  specimen  the  form  of  which  is  not  con- 
ditioned by  joint  planes. 

There, appears  to  be  no  great  contrast  in  hardness  or  in  power 
of  resisting  disintegration  between  the  Keweenian  strata  and  the 
intrusive  masses  which  cut  them.  The  basic  intrusives  afford  evi- 
dence, however,  of  being  more  decomposable  and  the  acid  masses 

■These  ivcks.  here  stjled  ArchiBBn,  are  Id  tbe  hoilzon  dI  the  gabbrb  and  Its  HBsoct- 
Alod  oirstalllDes,  iDoluded  by  tbe  WIbcodbIq  and  Ulaaesota  BealoRlBU  In  tbe  basooC 
the  Keweenian!  altliough.  br  the  C&aadlaa  geologiats,  generiilly  considered  "Lauren- 
tl&u."  See  A.  A.  A.  Bel..  Bo«ton,  IBSO,  p.  t2S.  and  Dlntb  Ana.  Ren.,  Oeol.  and  Mat. 
Hist.  Survey  Hlan.,p.3BT.    [N.  H.  W.l 
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of  being  lees  bo,  than  the  bedded  rooks.  Faults  which  can  be 
clearty  recognized  as  each  are  not  prominent,  although  oertaii) 
blocks  of  strata  with  preoipitoos  fronts  and  gently  eloping  backs, 
which  are  obeerrable  eome  miles  inland  in  the  vicinity  of  Poplar 
river,  auggeet  the  presence  of  faalte  with  orsgraphic  tilting.  It  is 
not  improbablp,  moreover,  that  the  entire  Minnesota  shore  with 
its  persistent  line  of  cliffa  follows  tbe  line  of  a  fault  scarp.  The  in- 
trusive sills  usnally  appear  at  an  altitude  which  is  about  the  pres- 
ent level  of  the  lake  or  bnt  slightly  above  it. 

To  these  broad  geological  features  there  remains  to  be  added 
a  statement  of  three  important  physiographic  facts  in  order  to 
have  before  ns  the  salient  conditions  which  have  controlled  tbe  de- 
velopment of  the  peculiar  topography  of  the  Minnesota  ooast 
The  first  of  these  is  that,  if  we  except  the  drainage  of  the  St. 
Louis  river,  tbe  hydrograpbic  area  of  Minnesota  which  is  tribu- 
tary to  lake  Superior  is  a  comparatively  narrow  strip  parallel  to 
the  shore  of  the  lake,  the  water  shed  being  a  high  ridge  not  many 
miles  inland.  As  a  consequence  of  this  the  streams-  flowing  into  ' 
the  lake,  although  all  rapid,  and  though  actively  deepening 
their  trenches,  are  insignificant  in  size  and  bring  but  a  small 
amount  of  material  to  the  shore.  The  second  physic^aphic  con- 
dition alluded  to  is  the  rapid  deepening  of  tbe  water  off  the 
Minnesota  coast 

The  third  condition  ia  tbe  exposure  of  the  shore  to  the  open  ex- 
panse of  the  lake  without  the  protection  of  any  material  break- 
waters. 

The  Animikie  rocks  are*  geologically  older  than  tbe  Keweenian 
and  underlie  tbem.  Tbe  emei^ence  of  tbe  Animikie  from  beneath 
the  Keweenian  may  be  easily  observed  in  the  vicinity  of  Grand 
Portage  as  has  been  well  described  by  Irving.  The  lower  series 
presents  several  striking  contrasts  with  tbe  higher,  the  most  im- 
portant of  which  is  due  to  the  diverse  character  of  the  rooks. 
While  the  Keweenian  is  mode  up  almost  entirely  of  volcanic  flows, 
the  Animikie  is  composed  altogether  of  sedimentary  strata  with  no 
trace  of  contemporaneous  volcanic  formations.  The  seri.es  con- 
sists essentially  of  aniformily  fine  grained  gray  sandstones  which 
locally  are  quartzytes,  black  more  or  less  carbonaceous  shales  or 
slates,  certain  cherts  and  jaspers,  beds  of  carbonate  of  iron,  bemo* 
tite  and  magnetite,  a  very  sparing  proportion  of  conglomerate,  and 
occasional  lenses  of  non-ferrnginons  carbonate  in  tbe  elates. 
These  rocks  occur  in  strata  which,  except  in  local  instances,  as 
in  the  town  of  Port  Arthur  and  near  Ganflint  lake,  have  been  dis 
tnrbed  very  little  from  the  horizontal,  the  average  dip  of  the  strata 
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being  io  a  flontheasterly  direction  at  sogleB  probably  not  exceeding 
five  degrees;  and  they  are  freqaently  qnite  flat  or  very  gently  an- 
dalating.  The  rooks  of  the  entire  series,  with  thn  exception  of 
certain  of  the  cherts,  the  carbonates  and  the  hematites  and  magne- 
tites, which  together  form  bnt  a  small  proportion  of  the  total 
volume,  are  characterized  by  a  strongly  prononnoed  shaly  or  elaty  • 
Btrnotnre,  the  cleavage  of  which  is  parallel  to  the  planes  of  bed- 
ding. This  fissile  character  of  the  rooks  renders  them  liable  to 
rapid  erosion.  Were  they  not  protected  in  a  pecaHar  way  little  of 
them  woald  have  remained  to  the  present  time,  and  instead  of 
forming  parts  of  the  highest  and  boldest  cliffs  on  the  lake  they 
wonld  long  ago  have  been  planed  down  to  fiat  shelving  forms, 
few  of  which  woald  remain  above  the  surface  of  the  water.  The 
protection  whioh  has  so  effectually,  over  leu'ge  areas,  enabled  these 
rooks  to  withstand  the  active  disintegration  to  which  they  are 
subjected,  is  afforded  by  the  later  introsive  masses  whioh  have  in- 
vaded the  aeries.  These  intrusive  rocks  are  all  basic  in  composi- 
tion and  are  of  the  character  of  diabases  and  gabbros.  They  ap- 
pear in  the  series  in  two  distinct  ways:  (1)  as  intrasive  sills  or 
sheets  lying  horizontal  or  parallel  to  the  stratification  and  re- 
sembling contemporaneous  beds,  for  whioh  they  have  by  earlier 
observers  been  mistaken;  (2)  as  vertical  dykes.  Some  of  the 
dykse  have  been  observed  in  continuity  with  the  sills  and  evidently 
represent  the  canals  by  which  the  material  for  the  Bills  came  up 
from  deep  sources.  The  most  of  them,  however,  are  of  later 
origin  than  the  aille  and  intersect  the  latter. 

The  dykes  have  two  chief  trends,  viz:  N.  E.  and  8.  W.for  the 
larger  and  more  important,  and  about  N.  W.  and  S.  E.  for  the 
smaller  and  less  nume^rous  dykes. 

The  dykes  are  very  abundant  in  the  vicinity  of  Pigeon  river,  and 
for  some  few  miles  northeast  along  the  Oaaadian  ooast  and  on  the 
islands  as  far  aa  Fie  island,  oonstituling  the  dominent  structural 
feature.  From  MoKellar'e  point  on  to  McKay's  Mt.,  however, 
the  dykes  are  not  so  prevalent  and  the  horizontal  sills  have  been 
the  controlling  factor  in  the  development  of  the  topography. 
These  sills  have  very  commonly  a  thickness  of  about  100  feet  and 
in  places  reach  400  feet.  Their  altitude  in  the  vertical  column  of 
strata  varies  from  a  position  at  the  water's  edge  to  elevations  of 
over  1,000  feet,  and  ordinarily  their  position  is  several  hundred 
feet  above  the  laka 

Both  dykes  and  sills  have  usaally  a  distinct  columnar  structure, 
the  columns  in  the  former  case  being  horizontal  and  in  the  latter 
vertical.    This  stractare,  of  coarse,  facilitates  disintegration,  but 
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Uieae  intnuiTe  rooks,  Dotwithstanding  this  featare,  are  either  in 
the  form  o(  sills  or  o{  dykes,  prominently  harder  and  more  durable 
than  the  shaly  strata  which  they  penetrate. 

Faulting  is  much  more  clearly  r^cogaizable  in  the  Animikie 
province  than  in  the  Keweenian  and  is  a  common  occnrrenae, 
.many  scarps  being  dae  primarily  to  this  caase. 

In  this  physiography  the  front  of  the  Animikie  province  be- 
tween Grand  Portage  and  Thunder  bay  presents  as  interesting  oon- 
traste  ae  does  the  geological  struGture.  There  are  two  consider- 
able streams  flowing  into  the  lake  over  these  rocks,  viz:  the  Pigeon 
and  the  Eaministiqaia,  besides  some  minor  brooks.  The  Pigeon 
oontribntes  very  little  to  the  shore  drift  since  its  sediment  is 
largely  intercepted  by  lakes.  The  Eaministdquia  has  on  the  other 
hand  brought  down  mncb  sediment  which  has  served  for  the  con- 
struction of  very  important  features.  The  divide  is  much  farther 
removed  from  the  lake  than  in  Minnesota.  The  water  off  shore  is 
also  much  shallower  as  a  rule  than  on  the  Minnesota  coast  and 
there  is  frequently  a  shelving  bottom.  Added  to  this  shoal  water 
condition  is  the  presence  of  a  chain  of  islands,  which  form  a  very 
effectnal  breakwater  and  protect  the  shore  from  the  violent  action 
of  the  open  lake. 

The  Archfean  forms  the  basement  npon  which  the  Animikie 
rests  in  glaring  unconformity.  The  actual  superposition  of  the 
Animikie  upon  the  well  eroded  Archtean  snrfaoe  may  be  observed 
at  several  points,  with  the  Keweenian  lying  flat  on  the  former. 
Very  frequently,  however,  the  Animikie  is  absent  and  the  Ee- 
weenian  is  imposed  directly  upon  the  Archfean.  But,  whether  the 
ArcfasBsn  emerges  from  beneath  the  Animikie  or  the  Eeweenian, 
the  contrast  which  its  rocks  present  to  the  formations  of  either  of 
the  latter  series  is  equally  profound.  The  petrograpbioal  char- 
acter and  general  strnoture  of  the  Archiean  is  so  different  from 
that  presented  by  the  newer  rocks  which  rest  upon  it,  that  com- 
parisons on  parallel  lines  of  observation  are  dif&cnlt  to  make. 
Antitheses  of  conditions  meet  one  at  every  point  of  view,  and  the 
topographic  forms  evolved  under  these  conditions,  save  those  due 
solely  to  wave  action,  present  correspoiidingly  marked  contrasts. 

Thb  Archcean  complex  of  this  coast  is  readily  resolvable  into 
two  broad  divisions:  (1),  a  great  volume  of  profoundly  altered 
sedimentary  and  volcanic  rocks,  characteristically  schistose  or  in 
the  form  of  massive  greenstones,  which  have  suffered  intense 
disturbance  and  which  correspond  to  what  has  been  designated  the 
Ontanan  system*,  and  (2),  immense  batholites  of  irruptive  gneiss 


•Bull.  Oeol.  Soi-.  Am..  Vol.  I 


,Coo»^lc 


STATE  GEOLOGIST.  195 

and  granite,  which  have  iDvaded  the  rooks  of  the  Ootarian  Byatem 
from  below  in  the  moat  irregolar  fashion,  corresponding  to  that 
division  of  the  Archeeau  which  is  commonly  recognized  as 
Laorentian.  These  Lanrendan  rock^  ezhihit  only  to  a  very  sabor- 
dinate  extent  those  evideuoes  of  distiirbances  and  deformation 
which  are  so  abundantly  apparent  in  the  schists  which  they  bare 
invaded.  The  IJanrentian  gneisses  and  granites  ocoopy  mach  more 
of  the  shore  than  do  the  metamorphic  and  schistose  rocks  of  the 
Ontarian  ;  and  each  of  these  divisions  of  the  Archsean  province 
has  its  own  peonliar  phases  of  a  topography  of  a  general  type. 
The  entire  surface  of  this  province  presents  a  remarkably  hum- 
mooky  or  mammilated  aspect  das  to  pre-Faleozoio  erosion*  modi- 
fied by  the  glacial  action  of  the  Fleistocene-f  The  rooks  are  fresh 
and  free  from  the  mantle  of  rotten  rock  arising  from  secular 
decay  which  covers  similar  crystalline  rocks  in  some  regions. 
The  granit€»  and  gneisses,  being  in  this  fresh  condition  at  their 
surface,  practically  homogeneous,  remarkably  free  from  divi- 
sional planes  due  to  pressore  and  movement,  and  having  pre- 
lacnfltrine  hummocky  or  rounded  forms  which  are  least  affected 
by  erosive  agencies,  condition  a  topography  which  to  a  very  large 
extent  is  independent  of  shore  action.  Where  cut  terraces  are 
present  on  the  coastal  slopes  of  t^ese  rocks  they  have  usually  been 
flarved  oat  of  morainic  material  or  notched  in  the  face  of  embank- 
ments formed  early  in  the  history  of  the  lake.  These  embank- 
ments are  rarely  sufBciently  continuous  to  obscure  the  broad 
aspects  of  the  rocky  slope.  The  schistose  and  greenstone  roc'ks  of 
the  Ontarian  traverse  the  region  iu  curvilinear  belts  or  zones, 
separating  neighboring  Laorentian  batholites.  These  belts  some- 
times emerge  on  the  coast  in  the  foim  of  great  ridges,  the  ex- 
tremities of  which  form  promontories.  They  condition  a  mnch 
more  jagged  and  linear  aspect  of  topography  ;  and  along  the 
present  shore,  at  least,  the  rooks  of  which  they  are  composed 
yield  to  the  catting  action  of  the  waves  much  more  readily  than 
do  the  granites  and  gneisses.  Sometimes  the  trend  of  the  coast 
eoincidee  with  the  strike  of  these  belts  for  a  distance,  when  pre- 
ciptions  cliffs  face  the  lake,  which,  however,  are  nnt  necessarily 
sea-oliSs.  The  eseentially  Arohtean  conditions  of  this  province 
are  modified  somewhat  by  a  great  system  of  diabase  dykes  which 
traverse  the  region  and  which  were  noted  by  ARassiz^;  they  coin> 
«ide  remarkably  closely  with  the  trend  of  the  coast.  This  coinci- 
dence of  coastal  trend  is  best  seen  between  Nipigon  and  Peninsula. 

*i.e.    Pre-AlKonklmi,    (Algoaklun  - Aoliulkle  4.  Keircealau.i 
tBull.  Qeol.  80c.  Atp..  Vol.  I,  pp.  ISS-m. 
^ake9>i[ier1or,  Its  physical  character,  etc.,  1890. 
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Between  Peniaeala  and  Otter  bead  the  dykes  are  very  numerous 
and  only  a  portion  of  them  coincide  with  the  fjeneral  trend  of  the 
coast.  The  majority  cat  the  line  of  the  ooaet  obliquely.  Between 
Otter  head  and  Michipicoten  -harbor  the  dykes  are  both  parallel 
and  transverse  to  the  trend  of  the  coast,  there  being  apparently 
two  distinct  systems  of  fissares.  The  dykes  do  not  as  a  rule  ex- 
ceed one  hundred  feet  in  width  and  are  vertical  or  nearly  so. 
When  occurring  in  the  Lanrentiau  and  where  degradation  has  pro- 
ceeded more  rapidly  than  the  country  rock,  a  distinct  trench  marks 
their  occurrence.  When  they  traverse  the  Ontarian  rocks  they 
are  lees  recognizable  and  less  important  topographically,  their 
color  being  more  nearly  that  of  the  country  rock  and  their  suscep- 
tibility to  degradation  not  markedly  different  Whether  these 
lines  of  dykes  are  also  fault  lines  has  not  been  clearly  made  out 
It  is  impossible,  as  has  been  suggested,  that  their  origin  is  asso- 
ciated to  some  degree  with  the  depression  which  gave  rise  to  the 
lake  Superior  syncline.* 

There  is  much  morainic  drift  scattered  over  the  coast  of  the 
lake,  chiefly  in  the  form  of  boulders.  There  are  also  protecting 
distinct  morainic  accumalatione,  although  the  form  of  these  mo- 
raines is  difficult  to  recognize  on  account  of  the  timber  and  also 
frpm  their  having  been  modiBed  by  shore  action  at  various  stages 
of  the  lake  aud  degraded  by  stream  action.  There  are  numerous 
streams  entering  the  lake  along  the  frontof  the  Archman  province. 
Most  of  these  are,  however,  small  and  the  watershed  is  not  far  dis- 
tant from  the  coast  The  entire  coast  is  well  exposed  to  southerly 
and  westerly  storms. 

The  rocks  of  the  Potsdam  province  are  undiBturl>ed,  flat,  or 
nearly  flat,  shaly  saodatoues,  generally  of  a  red  color.  These  sand- 
stones extend  out  from  the  base  of  the  ArchEsaa  hills,  which  they 
encircle  in  a  level  plain.  They  have  not  been  observed  on  the 
north  side  of  the  lake  at  elevations  exceeding  fifty  feet  above  its 
level.  These  rocks  appear  to  occupy  au  extensive  tract  beneath 
the  waters  of  the  lake  in  its  southeastern  portion.  Whether  on 
the  islands  or  on  the  main  land  these  rocks,  by  their  petrograph- 
ical  uniformity,  their  stratigraphical  simplicity  and  the  proximity 
of  their  summits  to  the  local  base  level  of  erosion,  condition  a  simple 
and  mature  topography.  The  coast  along  which  they  are  found  is 
mostly  protected  from  the  full  sweep  of  the  lake  iq  storms,  and  the 
water  off  shore  is  comparatively  shallow. 

*Lttbe  Superlur,  Its  phystcHl  cliurucler^  etc..  1850. 
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SHORE  FEATTJEE8  OF  THE  PRESENT  STRAND. 

It  has  been  stated  at  the  beginaiDg  of  this  paper  that  there  is 
a  very  evident  relationship  between  the  coastal  topography  of  the 
north  side  of  lake  Saperior  and  the  geological  conditions  which 
obtain  in  the  various  proTincee  which  hate  been  outlined  aa  front- 
ing on  the  lake.  The  shore  features  of  the  present  strand  cousti- 
tate  an  important  element  of  the  general  topography  of  the  coast, 
and  the  relationship  alluded  to  becomes  very  apparent  in  a  consid- 
eration of  some  of  these  features.  It  is  here  proposed  to  sketch 
very  briefly  the  character  of  the  leading  shore  features  and  to 
compare  those  pertaining  to  the  different  provinces  -with  one  an- 
other, having  reference  chiefly  to  the  geolc^cal  conditions  which 
have  control!^  the  development  of  the  shore. 

8EA   CLIFFS. 

Among  the  most  striking  of  the  shore  features  which  engage  the 
attention  on  the  Minnesota  coast  are  the  lines  of  the  low  sea-cliffs, 
which  rise  abruptly  from  the  water,  ranging  in  elevation  from  a 
very  few  feet  in  some  places  up  to  as  much  as  210  feet  of  vertical 
precipice  at  the  Palisades.  These  cliffs  are  remarkable  for  their 
great  continuity,  their  general  uniform  hight  and  for  the  general 
scarcity  of  shore  drift  along  their  base.  The  most  striking  feature 
of  the  shore  contour, — viz:  its  simple  unbroken  trend,— is  also  a  char- 
acter of  the  cliffs  and  must  necessarily  be  taken  into  account  in  a  de- 
scription of  them.  These  cliffs  are  seemingly  the  direct  product  of 
shore  action  and  appear  from  their  abruptness  to  be  in  active 
recession;  yet  they  are  not  receding  altogether  by  reason  of  the 
process  of  battering  and  undermining  to  which  the  recession  of 
cliffs  is  usually  ascribable.  The  products  of  the  mechanical  dis- 
integration of  the  cliffs  do  not  as  a  rule  lodge  at  the  base  of  the 
cliff  and  become  the  tools  for  the  further  cutting  of  its  base. 
Wherever  such  detritus  lodges  and  is  handled  by  the  waves  as  a 
battery  there  is  usually  a  little  notch  or  vertical  gash  established 
in  the  cliff  wall.  .  As  a  rule,  moreover,  it  is  to  be  noted  that  the 
cli&,  independently  of  any  aoftening  or  rounding  of  their  brink 
by  atmospheric  agencies,  are  not  strictly  precipitous  except  where 
the  rock  of  which  they  are  composed  is  nuiform  from  top  to  bot- 
tom. On  the  contrary,  although  the  general  effect  is  that  of  pre- 
cipitous cliffs,  the  base  is  nearly  always  more  projecting  than  the 
higher  portions  and  the  cliff  rises  in  a  series  of  rude  steps,  the 
front  of  each  step  being  usually  nearly  vertical,  while  its  surface 
slopes    gently   lakeward.       The    explanation  of    this   character 
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of  cliff  lies  in  the  nature  of  the  rocks  and  their  strnctaral 
featoree.  As  has  been  stated,  the  rocks  of  the  coast,  with  aome 
local  ezpeptions,  are  voloanio  flows,  frequently  of  no  great  thick- 
ness, associated  with  which  are  sheets,  probably  injected  as  sills, 
and  a  few  dykes.  The  volcanic  rocks  are  very  commonly,  when 
basic,  vesicnlar  or  amygdoloidal  and,  when  acid,  are  of  the  natnro  of 
a  dense  red  porphyry  which  disintegrates  mechanically  with  the 
greatest  readiness.  These  bedded  and  regularly  stratified  voloanio 
rocks  have  a  constant  lakeward  dip  along  the  whole  coast,  the  in- 
clination usually  not  exceeding  ten  degrees.  It  is  these  petrograpi- 
cal  and  strnctnral  features  which  seem  to  be  the  real  oonditioQing 
caosee  in  the  development  of  this  remarkable  line  of  cliffs  in  bo 
far  as  it  is  actually  receding,  and  the  ahore  action  a  minor  and,  as 
it  were,  the  determining  or  precipitating  csase  of  the  degradation. 
The  bedding  planes,  the  intricate  jointage,  the  columnar  stracture 
of  Qome  of  the  beds,  the  poroos  character  of  many  others,  and 
lastly,  the  lakeward  dip,  ^1  favor  the  loosening  and  dielodgement 
of  blocks  under  the  influence  of  an  abundant  supply  of  water  by 
the  waves  and  the  changing  temperature  of  the  climate;  and  so  the 
cliff  recedes,  being  only  to  a  limited  extent  worn  down  by  the  bat- 
tery process.  But  the  total  recession  has  been  very  small  as  is 
evidenced  by  the  fact  that  for  many  parte  of  the  shore  only  a  very 
narrow  subaqueoos  shelf,  dieproportionate  to  the  size  of  the  cliff, 
has  been  formed,  or  none  at  all.  And  indeed  there  are  grave 
doubts,  amounting  almost  to  certainty,  that,  altbongh  this  line  of 
precipice  is  now  fauotionally  a  eea-oliff  of  the  present  strand,  it  is 
not  primarily  and  genetically  a  sea-cliff.  The  way  in  which  the 
cliff  rises  from  deep  water  as  the  upward  continnation  of  a  very 
pronounced  subaqueous  cliff  [See  Fl.  XX,  Fig.  I.]  indicates  very 
clearly  that  its  origin  is  essentially  pre-lacustrine  or  at  least  extra- 
lacustrine;  and  the  suggestion  can  scarcely  be  resisted  that  prim- 
arily the  cliff  of  the  Minnesota  coast  is  a  great  fault  scarp.  Two 
facta  may  be  cited  which  harmonize  with  this  suggestion.  (1) 
The  trend  of  the  coast  is  in  direct  line  with  the  great  linear  series 
of  dykes  which  extends  from  Figeon  point  to  Thompson  island, 
and  which  probably  is  continuous  with  the  similar  series  of  dykes 
having  the  same  trend^n  the  islands  and  points  on  the  south  side 
of  Thunder  cape.  (2)  Mr.  Peter  MoKellar  has  informed  the  writer 
that  a  great  fault  is  observable  near  the  head  of  Thunder  bay  in 
the  line  of  the  east  side  of  the  bay,  and  that  the  cliff  which  forms 
'  this  side  of  the  bay  is  without  doubt  a  great  fault  scarp.  This 
scarp  would  parallel  the  one  suggested  as  determining  the  line  of 
the  present  Minnesota  shore,  or  converge  upon  it  very  obliquely. 
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Along  the  front  oE  the  Animikie  province  true  sea-cliffe  are  not 
prominent  or  common  features  of  the  present  strand.  There  are, 
indeed,  nameroos  precipices  rising  from  the  water,  hut  they  are  not 
all  sea-clifFs  in  the  strict  sense  of  the  term.  Two  types  of  these 
coastal  precipices  may  be  mentioned:  (1)  where  the  rock  of  the 
shore  is  that  of  one  of  the  great  trap  dykes  which  intersect  por- 
tions of  the  coast,  partionlarly  in  its  southwestern  portion;  and  (2) 
where  the  thick  sheets  of  columnar  trap,  which  have  been  intruded 
between  the  nearly  flat  Animikie  beds,  descend  by  a  gentle  local 
dip  to  the  water's  edge.  In  both  of  these  oases  precipices  are 
formed,  those  of  the  colomnar  flat  sheets  being  more  nearly  ver- 
tical than  those  of  the  dykes.  But  in  neither  case,  so  far  as  the  ob- 
servation of  the  writer  goes,  are  these  cliffs  ever  fanctional  as  sea- 
cliffs  in  the  sense  that  they  are  receding  by  reason  of  wave  action 
and  have  s  wave  cut  terrace  at  their  base.  Usually  they  rise  from 
deep  water  and  have  no  shelf  at  the  water  line.  Their  origin  as 
topographic  forms  long  antedates  the  lake  and  is  ascribable  to  the 
process  of  erosion,  which,  in  conjunction  with  orographic  move- 
ments, is  responsible  for  the  basin  in  which  the  lake  lies.  There 
is,  however,  a  type  of  precipice  which  is  in  its  functional  relations 
to  the  present  strand,  atrue  sea-cliff,  although,  as  seems  probable 
in  the  case  of  the  Minnesota  shore,  the  locus  of  the  cliff  was  de- 
termined by  other  agencies  than  shore  action.  The  cliff  referred 
to  is  best  seen  on  the  east  side  of  Thunder  bay,  above  Sawyw's 
bay.  Here  the  sbore  is  at  the  base  of  a  long  uniform  line  of  ver- 
tical cliff  which  is  in  active  recession  and  which  has  a  bonlder- 
strewn,  snb-aqueons  shelf  at  its  base.  Here  the  face  of  the  cliff  is 
composed  of  horizontal  Animikie  slate,  which  yields  readily  to  the 
battery  which  plays  on  its  lower  part  during  westerly  storms.  Tbe 
recession  is  so  active  that  it  is  encroaching  upon  a  terrace  of  a 
higher  st^^  of  the  lake  where  a  similar  cliff  has  been  devel- 
oped. The  initiation  of  this  line  of  cliff,  now  a  sea-cliff,  is,  in  the 
opinion  of  Mr.  McKellar,  expressed  in  conversation  with  the  writer, 
due  to  a  fault,  the  displacement  of  which  is  apparent  near  the 
head  of  Thunder  bay.  But  these  rocky  precipices,  whether  sea- 
cliffs  or  not,  do  not  form  any  very  extensive  portion  of  the  shore 
of  the  Animikie  province.  By  far  the  greater  part  of  the  shore 
is  along  the  talus  slopes  of  tbe  magnificent  cliffs  of  differential  de- 
gradation, which  surround  the  Thunder  bay  district  and  have  made 
ite  topography  famous.  On  these  talus  elopes  earlier  shores  have 
in  places  oonstruoted  embankments.  But,  whether  the  present 
strand  lies  along  the  primary  talus  or  along  these  secondary  em- 
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baakmenta,  there  baa  been  do  important  catting  of  aes-oliSB. 
There  are  a  few  minor  inatancea  where  the  ahore  has  eaten  back 
somewhat  and  givea  rise  to  a  amall  cliff. 

Along  the  front  of  the  delta  of  the  Kaminiatiqais  there  lb  a  low 
but  abrapt  rise  above  the  shore  which  ia  alao  to  be  interpreted  as 
a  gea-oliff.  A  low  cliff  of  a  Tory  few  feet  enoirclee  Bome  of  the 
iBlaodB,  snch  as  Flatland  island,  which  have  a  email  altitude  above 
the  lake  in  consequence  of  the  absence  of  protecting  dykes  or 
sheets  of  trap  to  restrain  the  elatee  from  yielding  rapidly  to  erosion. 
Some  of  the  small  islets  of  Tbnnder  bay  also  may  be  bat  the 
remnants  of  larger  islands  trancated  at  the  shore  line  by  the  pro- 
cess of  cliff-making. 

Along  the  strand  of  the  Archeean  province  rooky  deolivitiee  are 
an  almosli  constant  featare  of  the  shore.  The  coast  is  bold,  bare 
and  ragged;  bat  true  sea-cliffs  are  remarkably  scarce.  The  rocky 
slopes  descend  to  the  water  with  aeaally  no  break  in  the  profile 
and  most  frequently  with  no  embankment  of  shore  drift  or  appear- 
ance of  shelf  at  their  base,  except  in  the  bays  where  sea-oliffs  in 
rock  are  not  ordinarily  developed  on  any  shora  Where  the  shore 
is  occapied  by  the  Laurentian  gneiss  and  granite  practically 
no  incision  has  been  made  in  the  face  of  the  rooks  at  the 
shore  line.and  the  sarface  of  rock  which  planges  beneath  the 
waters  of  the  lake  has  with  little  or  no  qualification  the  precise 
form  and  slope  which  it  had,  when,  earlier  in  the  history 
of  the  lake,  it  was  covered  by  several  hundred  feet  of  water, 
and  which  it  had,  indeed,  before  the  existence  of  the  lake. 
The  entire  coast  has  been  glaciated  and  the  glacial  markings, 
grooves  and  hollows  are  frequently  seen  to  pass  down  be- 
neath the  water's  edge  without  an  abrasion  to  dim  their 
sharpness.  The  hammocky,  rounded  forms  of  rock  which  are  so 
well  displayed  on  many  parts  of  the  coast  are  the  same  which  are 
found  throughout  the  region  far  removed  from  ahore  action;  and 
many  of  the  slopes  which  descend  to  the  water,  whether  steeply 
precipitous,  or  gently  inclined  or  rounded  in  hammock  form,  may 
be  indisputably  recognized  as  precisely  the  slopes  upon  which 
Animikie  or  Keweenian  sediments  were  deposited  or  over  which 
the  Keweenian  lavas  flowed.  The  basin  of  lake  Superior  is  very 
ancient,  more  ancient  than  some  glaoialists  have  dxQamed  of  in 
their  philosophy.  It  is  perhaps  hardly  necessary  to  go  into  the 
causes  of  this  scarcity  of  sea-cliffs  on  a  coast  where  one  would  at 
first  thought  expect  to  find  them  abundant,  but  the  chief  of  these 
may  be  enumerated  ae  follows:  (1).  The  obdurate,  toagh  and 
resistant  character  of    the    rooks  which  prevents  their  yielding 
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shore  drift  for  battering  pnrposeB.  (2).  The  BteepneeB  of  the  or- 
iginal Blope  of  the  ooast  and  the  conseqaeiit  depth  of  water  near 
Bhore,  which  prerentB  the  lodgiiig  of  saoh  shore  drift  as  is  avail- 
able and  hinders  the  bailding  np  of  embankments  which  would 
facilitate  the  transport  of  shore  drift  to  where  it  oonld  be  effect- 
ively oBed  by  the  waves.  (3).  The  shortness  of  the  time  at 
vfaich  the  shore  hae  been  at  its  present  leveL  CHven  time  snffioi- 
ent  and  tfae  two  other  adverse  oaosra  wonld  be  overcome  ard  we 
shoold  have  sea-aliffs  aroand  the  entire  coast  Where  the  shore 
lies  along  the  schistose  rocks  of  the  Ontarian  system  of  the  Arob- 
fean,  snob  sweeping  statements  as  to  the  absence  of  sea-oliffs  can- 
not be  made.  These  rooks  have  certainly  yielded  appreciably  to 
the  ontting  action  of  the  shore  and  the  original  profiles  of  the  pre- 
laoDstrine  forms  have  been  notched.  Bat  the  shore  notch  is  not 
heavy  and  the  recession  of  the  fresh  cliffs  has  nsnally  been  so 
slight  as  to  modify  the  original  profile  bat  tittle,  and  the  ste  ep 
slope  to  the  water  which  these  schistose  rooks  commonly  present  is 

•  essentially  that  of  the  pre-lacnstrine  form.  These  cliffs  in  the 
schistose  rocks  may  be  best  seen  along  the  shore  east  of  Otter 
head.     On  this  coast,  also,  to  the  east  of  Dog  river,  may  be  ob- 

'  served  a  very  interesting  instance  of  the  active  formation  of  sea- 
oliffs  in  soft  material,  by  the  waves  catting  into  the  shore  nmbank- 
'mentB  which  have  been  bnilt  ap  at  higher  stages  of  the  lake.  The 
cliff  of  the  present  shore  has  been  receding  ao  rapidly  that  a  por- 
tion of  a  terrace  16  feet  above  the  level  of  the  lake  has  been  en- 
tirely undermined  and  obliterated  back  to  and  beyond  its  own  or- 
iginal ses-cliff,  affording  a  very  clear  picture  of  how  gaps  in  the 
series  of  ancient  shore  lines  may  occar.  [See  Fig.  16,  in  desorip- 
tive  notes  under  Dog  river.] 

On  the  shore  of  the  Potsdam  province  the  sea-cliff  which  com- 
monly separates  the  shore  from  the  plain  formed  by  the  tipper 
sarfaoe  of  the  fiat  sandstones  is  freqaently  worn  down  and  is  not 
always  a  prominent  featare  of  the  shore.  It  probably  tends  to  re- 
cede more  rapidly  by  atmospheric  and  organicdegradation  io  many 
portions  of  its  extent  than  by  the  attack  of  shore  forces,  bo  that  its 
edge  or  brink  is  rounded  and  softened  and  the  lakeward  slope  of 
tiie  oliff  is  rather  low.    It  is  not  preoipitons  on  the  islands. 

BEACHES,   BARS,   BPIT8,   ETC. 

Boulder,  pebble  and  shingle  beaobee  are  common  featttres  of  the 

north  shoie  of  lake  Superior,  and  some  of  these  are  of  magnificent 

proportions  as  regards  their  cross  profile.    They  are  all,  however, 

limited  in  their  horizontal  extent,  except  in  the  Potsdam  province,. 
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to  the  proDonnoed  indeutatioD  o(  the  ehore  line.  They  are  least 
abundant  in  the  Keweenian  proTinoe  and  moat  abundant  in  the 
Animikie.  In  the  Arobtean  proviooe  they  are  only  of  local  ooear- 
rence  chiefly  in  the  vioinity  of  the  moatha  of  etreams,  there  being 
extensive  portions  of  the  shore  along  the  front  of  this  provinoe 
vhich  yield  no  shore  drift  for  the  formation  of  anoh embankments. 
The  shore  of  the  Potsdam  province  presents  either  a  oontiaoons 
beaoh  or  a  boulder  strewn  shore,  but,  as  the  Potadam  rooks  are  of 
very  limited  oocnrrence  on  the  north  side  of  the  lake,  the  extent  of 
these  simple  beaoh  or  bonldery  strands  ia  even  here  small  vhen 
compared  with  the  total  length  of  the  ahore. 

The  extensive  Hum  of  cliffs  along  the  shore  of  the  Keweenian 
province  on  the  Minnesota  coast  wonld  seem  to  presuppose  the  oo- 
flurrenoe  of  more  extensive  beach  acoamolations  than  are  aotaally 
found;  the  simplicity  of  the  shore  oontoor,  however,  and  its  re- 
markable freeidom  from  indentations  in  which  the  shore  drift  oonld 
lodge,  militate  against  the  development  of  beach  embankments. 
The  shelving  character  of  the  rooks  with  their  constant  lakeward  • 
dip,  and  the  depth  of  water  immediately  off  shore,  are  also  effective 
oauses  in  preventing  aocnmalations  of  shore  drift  except  in  the 
most  favored  localities.  Snoh  looalitiee  are  not  wanting  along  the 
coast  of  Minnesota,  and  a  few  of  these  may  be  referred  to. 

The  finest  of  all  the  lake  Saperior  beaohes  is  of  coarse  the  bar- 
which  spans  the  bead  of  the  lake  from  Dolnth  to  Saperior  City. 
Thb  is  so  well  known  already  that  nothing  more  than  a  mere  men- 
tion of  it  is  here  reqaired.  Beyond  Dolnth  the  first  important 
beaoh  is  that  which  forms  the  bar  acr(»s  the  mouth  of  the  Enife 
river.  The  river  has  at  ita  month  developed  a  small  delta  in  the 
shelter  of  a  low  point  of  rook.  This  delta  material  is  chiefly  sand, 
but  there  is  mixed  with  it  drift  from  the  shore  to  the  eastward.  This 
aconmulation  has  extended  outward  till  it  ia  now  even  with  the 
protecting  rooky  point,  and  here  it  is  probably  stationary,  having 
ceased  its  lakeward  expansion  by  reason  of  the  surplus  being  car- 
ried beyond  the  point.  The  front  of  this  delta  extends  as  a  well 
defined  bar  almost  entirely  aoroas  the  month  of  the  stream  and  the 
waves  have  banked  it  up  in  the  form  oE  a  broad  beach. 

The  shore  of  Agate  bay  and  that  of  the  adjoining  Burlington 
bay  has  a  beach  embankment  of  considerable  extent,  the  pebbles 
being  mostly  of  local  derivation.  Among  these,  however,  were 
foand  two  fragments  of  cream  colored  limestone  containing  frag- 
ments of  fossils  indicating  that  some  of  the  beach  material  ia  de- 
rived from  morainic  accumulations. 
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GoosebeiTf  rirer  disohsi^ea  into  a  bidrII  bay  which  ib  somewhat 
protected  by  a  jutting  point  of  rook,  and  the  shore  in  the  vioinity 
of  the  stream  presents  a  finely  boilt  beaoh  of  small  naitorm  gravel 
of  a  red  acid  volcanic  rock,  which  oocors  in  the  neighborhood  and 
which  ia  easily  broken  down  into  small  fragments  without  nnder- 
goiag  chemical  decay  or  losing  its  hardness.  The  month  of 
Split-rock  rirer  is  similarly  protected  by  Split-rock  point  and  a 
beaoh  shats  off  from  the  lake  the  marshy  flood  plain  of  the  stream. 

The  month  of  Beaver  river  is  also  well  protected  by  a  point  of 
rook  and  between  the  stream  and  Beaver  bay  there  has  been  thrown 
oat  a  Bpii  composed  almost  entirely  of  sand  brought  down  by  the 
stream.  The  spit  is  parallel  to  the  stream  and  is  only  a  few  han- 
dred  yards  long.  The  waves  have  boilt  it  np  into  a  broad  low 
arched  beaoh.  The  river  side  of  the  spit  is  being  constantly  cor- 
roded by  the  stream  and  the  material  tbos  worn  down  is  carried 
into  the  bay  where  it  is  added  to  the  enter  or  lakewaid  side,  where 
by  the  action  of  the  wind  and  waves  it  is  soon  carried  again  over 
to  the  river  side,  again  to  be  ondermined  by,  the  stream.  Thus 
there  is  a  oonetant  undermining  on  one  side  and  ap-bailding  oa 
the  other  Hide  of  the  spit,  while  in  position  it  remains  constant. 
[See  PI.  xii.  Fig.  2.] 

Between  the  Palisades  and  the  month  of  Baptbm  river  a  beaoh 
of  greater  length  than  is  asoal  on  this  shore  baa  been  thrown 
across  an  embankment.  The  material  is  chiefly  derived  from  the 
cliffs  of  the  vicinity,  supplemented  by  gravel  tram  the  Baptism 
river,  the  rook  there  being  the  same  red  porphyry  which  sapplies 
BO  mncb  of  the  gravel  of  the  shore  drift. 

At  Gkx)d  Harbor  bay  some  soft  sedimentary  shales  protected  on 
the  lakeward  side  by  a  ridge  of  hard  igneous  rook  have  afforded 
conditions  favorable  tor  shore  erosion,  and  the  bay  is  the  resnlt 
The  cliffs  at  the  book  of  the  bay,  being  of  thb  soft  shale  in  nearly 
horizontal  attitudes,  are  actively  receding  and  a  shingle  beach  has 
been  piled  up  along  the  base  of  the  material  which  has  not  yet 
been  reduced  to  clay  and  carried  out  to  deep  water.  The  beaoh  is 
not  large  and  in  violent  storms  is  donbtless  entirely  moved.  A  few 
miles  farther  on  Gtrand  Marais  harbor  presents  a  fine  pebble  and 
shingle  beach  which  extends  in  the  form  of  a  broad  based  spit  con- 
necting the  island  on  which  the  lighthouse  stands  with  the  main 
shore.  [See  PI.  zii,  Fig.  1.J  The  material  of  this  beach  is  again 
the  same  red  qasrtz  porphyry  which  has  been  so  often  referred  to 
as  a  source  of  sapply  of  shore  drift.  The  cliff  from  which  it  is  in 
this  case  derived  is  a  little  to  the  east  of  Qrand  Marais. 
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Fish-hook  point,  the  moath  of  Brale  nver,  and  Deronda  bay  are 
the  only  other  places  along  the  Keweentan  of  the  Minnesota  shore 
where  notable  beaches  ooonr,  and  in  all  these  cases  they  are  found 
in  the  immediate  vicinity  of  cliffs  of  red  qoartz  porphyry  and  the 
embankments  are  nearly  altogether  composed  of  this  material. 

These  beaches  thus  briefly  allnded  to  are  the  only  very  promi- 
nent ones  that  attract  attention  in  ooasting  along  the  shore  from 
Dninth  to  Grand  Portage.  The  longest  of  them  is  probably  not 
more  than  one-eighth  of  a  mile  in  length ;  and,  if  it  is  borne  in  mind 
that  these  are  distribated  over  a  shore  of  nearly  150  miles,  their 
mere  enumeration  is  sufficient  to  indicate  the  meegemess  of  beach- 
es along  its  extent.  It  is  not  intended  by  this  explicit  alloeion  to 
these  beaches  to  imply  that  there  are  not  others.  There  are  many 
email  coves  along  the  shore,  so  small  that  they  afford  no  shelter  for 
a  tow-boat,  and  also  short  stratohes  of  open  shore  between  jotting 
points,  where  local  detritas  has  acoamolated  and  has  been  thrown 
ap  into  beach  form.  The  proportion  of  these,  however,  to  the 
total  length  oi  coast  is  very  small.  There  are  also  stretches  of 
shore  which  are  essentially  bare  shelving  rook,  bat  which  in 
patches  are  encnmbered  with  boalders.  In  general  the  impression 
received  by  inspeetion  of  the  Keweenian  shore  from  a  row-boat  ia 
that  of  a  wonderful  dearth  of  shore  drift  and  a  great  extent  of  bare 
rock,  and  one  is  constantly  struck  by  the  association  of  the  more 
important  beach  aocnmnlations  with  the  oooorrence  of  a  red  gaart& 
porphyry  and  air  allied  and  qnite  similar  rock  in  which  qnartz  can 
not  be  detected  macroscopically.  This  association  depends  apon 
the  property  which  this  rock  has  of  yielding  pebbles  by  reason  oE 
its  shattered  jointage  strncture,  the  resulting  fragments  being 
hard  and  resistant. 

In  passing  from  the  Keweenian  to  the  Animikie  province  along- 
the  shore  of  the  lake  one  is  impressed  by  the  great  contrast  which 
is  presented  in  the  relative  abundance  of  beaches.  Along  the  Ani- 
mikie shore  twaches  are  the  role  except  where  the  great  dykes 
occupy  the  water's  edge.  The  reason  for  the  difference  lies  in  the 
diverse  petrograpbical  characters  of  the  two  formations.  In  the 
Keweenian  the  only  rock  capable  of  yielding  shore  drift  in  abund- 
ance, the  red  porpyrby,  is  of  limited  oooorrence,  and  it  is  pre- 
vented from  yielding  large  quantities  by  its  oraooiation  with  harder 
rocks  which  keep  the  line  of  the  shore  from  receding.  In  the  Ani- 
mikie province  it  is  far  otherwise.  The  Animikie  slates  and  slaty 
sandstones  and  qnartzytes  occur  along  the  entire  Animikie  coast 
and  have  yielded  an  overwhelming  amount  of  material  eminently 
suitable  for  the  formation  of  shingle  beaches.  As  has  been  already 
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pointed  out  the  topography  of  the  Auimikie  coast  varieB  aooording 
88  the  igoeoas  Tooks  whioh  invade  the  alates  are  prevailingly  dykea 
or  prevailingly  horizontal  sheets  or  siUs.  At  the  sonthweatem 
part  of  the  Animikie  coast,  in  the  Tioioity  of  Pigeon  river,  the 
dykes  prevail  and  the  coantry  is  intersected  by  a  great  plexos  of 
immense  dykes,  with  limited  patches  of  slates  in  horizontal  atti- 
todes  lying  between.  This  condition  obtains  also  on  the  islands 
whioh  stretch  from  Victoria  light  to,  bat  not  including.  Pie  island. 
In  the  portion  of  the  ooaat  thus  affected,  the  dykes  osaally  extend 
lakevard  and  as  bold  promontories  marking  off  well  defined  bays; 
and  the  water  being  deep  off  the  extremity  of  these  promontories, 
the  beaches  are  confined  to  the  bays,  so  that  there  is  not  a  long 
oontinnons  beach  on  this  part  of  the  coast,  although  the  Tarioos 
individoal  beaches  in  the  bays  are  of  oooaiderable  extent  Where 
the  sides  of  the  dykes  ooonpy  the  shore,  as  on  the  north  side  of 
Pigeon  point,  Victoria  island  and  Thompson  island,  the  water  is 
oanally  deep,  and  there  is  no  shore  drift  nor  beach  accamolation, 
the  cliffs  (pre-lacnstrine)  rising  preoipitoosly  from  the'depths  of 
the  lake.  Passing  into  that  portion  of  the  Animikie  coast  ^here 
trap  sills  prevail  and  the  dykes  play  only  a  very  sabordinste  role 
or  are  absent,  we  find  practically  continnons  beaches  interrapted 
occasionally  by  preoipitons  headlands.  This  festnre  of  the  shore 
is  associated  with  an  almost  entire  absence  of  sea-oliffs.  This  state- 
ment may  be  surprising  to  readers  familiar  with  the  f  amons  Thunder 
bay  landscape  with  its  beetling  cliffs.  The  vertical  precipices  of 
Thnnder  bay  overlooking  the  lake  are  not  sea-oliffs  of  the  present 
shore.  They  are  primarily  cliffs  of  differential  degradation  of 
pre-lacnstrine  origin,  and  Ihe  topographic  masses  which  they  limit 
are  tme  mesas.  At  some  of  the  higher  stages  of  the  lake  they 
have  been  fonotiona]  as  sea-oliffs,  bat  at  present  the  subsidence 
of  the  lake  has  brought  the  shore  in  most  oases  low  down  on  their 
talus  slopss,  and  the  cliffs  have  retamed  to  their  former  condition 
of  cliffs  of  differential  degradation.  As  an  exception  to  this  last 
statement  may  be  mentioned  the  cliffs  whioh  oconpy  the  shore  im- 
mediately to  the  northeast  of  Little  Troat  bay,where  the  main  trap 
sheet  or  cap  desoends  below  the  level  of  the  lake,  and  its  edge  rises 
vertically  100  feet  or  more  atwve  the  water,  and  there  is  no  beach  or 
visible  tains.  From  these  statements  it  will  be  apparent  that, 
altbongh  beaches  abound  on  the  Animikie  shore,  the  material  of 
which  they  are  composed  is  not  derived  immediately  from  neigh- 
boring sea-cliffs.  It  comes  entirely  from  the  old  tains  of  the 
cliffy  not  now  affected  by  shore  action  and  much  of  it  baa  come 
from  earlier  beach  embankments  higher  np  on  the  same  talos 
slope. 
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Thiu  in  oar  oompariaon  of  the  Keweeniui  Kod  Animikie  shoree 
we  arrive  at  the  aeemiogly  paradoxical  Btatement  that  along  the 
former,  although  there  are  eztenaiTe  Hues  of  fanctioiially  active 
sea-cliffs,  there  is  a  soaroity  of  beaches;  while  along  the  latter, 
althoagh  there  are  practically  no  sea-diffB  shedding  fresh  detritos, 
shingle  beaches  abonnd. 

Intermingled  with  the  local  drift  of  the  beaches  of  the  Animikie 
provinoe  there  are,  it  should  be  mentioned,  nnmerons  boolders  of 
glacial  derivation.  There  are  also  many  more  or  less  angular 
boulders  of  trap  from  silts  and  dykes,  and  some  parts  of  the  sfaore 
are  thickly  strewn  with  snob  boulders  to  the  exdasion  of  the  ordi- 
nary pebbles  and  shingle. 

A  general  statement  respecting  the  dietribation  of  beaches  along 
the  shore  of  the  Arohtean  provinoe  is  difficult  to  fonaolate. 
Beaches  are  common,  bat  they  are  dae  to  local  canses  and  are  not 
oniformly  distribnted.  The  intricate  indentation  of  the  coast 
affords  everywhere  ample  opportimitieB  for  the  lodging  of  shore 
drift  and'  the  piling  of  it  ap  into  beach  embankments,  bat  the 
sapply  of  shore  drift  is  very  small.  Where  the  Lanrentiac  gran- 
ite and  gneiBses  occapy  the  coast  shore  action  has  l>een  impotent 
both  at  the  present  and  all  earlier  stages  of  the  lake  to  affect  the 
BOalptare  of  sea-cliffs,  which  wonld  supply  the  drift  necessary  for 
the  aconmnlation  of  important  lines  of  beach  embankments.  The 
schistose  rocks  of  the  Ontarian  system  have  been  more  yielding, 
bat  still  sapply  a  comparatively  small  proportion  of  the  shore 
drift  The  petr<%raphy  and  strootnre  of  the  province  preclude  the 
possibility  of  cliffs  of  differential  degradation  having  at  any  previ- 
ooB  period  in  the  history  of  the  region  afforded  a  eapply  of  tains 
material  which  might  be  seized  by  the  wav^  and  wrought  ap  into 
embankments.  This  poverty  of  general  shore  drift  and  the  preva- 
lent separation  of  the  bays  by  bold  headlands,  preventing  the  drift 
of  one  bay  from  passing  aroond  into  its  neighbors,conditions  a  shore 
whose  beaches  are  dependent  apon  loc»l  and  extra  lacastrine 
sources  of  supply.  These  soorces  are  chiefly  two,  viz:  (1)  stream 
deltap,  and  (2)  glacial  drift;  and  both  of  these  are  variable.  The 
result  is  that  the  shore  is  a  long  sacceesion  of  small  bays,  some  of  ' 
which  have  beaches  and  some  of  which  have  not.  In  the  vicinity 
of  the  streams,  deltas  have  been  developed  asaally  of  small  size 
consisting  chiefly  of  stream  pebbles,  and  these  afford  material  for 
beaches  as  described  in  the  reference  to  wave-built  terraces. 
Where  there  are  no  streams  the  beaches,  when  present,  consist 
chiefly  of  erratic  boulders  with  but  a  sparing  proportion  of  smaller 
pebbles  and  gravel.     Thus  a  very  small  proportion  of  the  beach 
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arterial -of  the  ArohsBBii  proTinceisof  looal  origin.  One  other 
sonioe  of  beooh  material  on  this  part  of  the  shore  remains  to  be 
mentioned.  At  higher  levels  of  the  lake,  -the  streams,  not  having 
well-defined  trenches  of  their  own  catting,  bat  following  the  de- 
pressions between  the  hammocks  and  hills  of  this  mammillated 
r^ion,  emerged  on  the  coast  in  some  cases  at  places  more  or  less 
distant  from  their  .present  point  of  discharge,  and  the  embank- 
ments which  aooamolated  at  these  old  oatlets  have  been  oat  into 
by  lower  stages  of  the  lake  and  the  whole  or  part  of  their  material 
carried  down  to  lower  portions  of  the  rooky  slope;  and  some  of  it 
enters  into  the  oompoaitton  of  the  modem  beaches.  £ven  when 
the  point  of  discharge  has  not  materially  changed,  the  shore  con- 
toar  at  higher  stages  was  in  Oflrtaia  other  cases  saoh  that  the 
stream  detritus  broaght  down  to  the  lake  was  tnoch  more  exten- 
sively distribated  than  at  the  present  stage.  So  that  not  a  little  of 
the  pebbly  material  which  enters  into  the  composition  of  the  modem 
beaches  is  derived  from  the  streams  of  the  neighborhood,  althongh 
this  is  not  apparent  at  the  first  glance. 

Of  the  beaches  of  the  Potsdam  province  little  remains  to  be  said. 
The  rocks  of  the  Potsdam  are  aniformly  flat,  or  nearly  flat,  often 
shaly  sandstones;  and  the  effect  of  wave  action  npon  sach  rooks 
has  been  the  development  of  a  aniform  and  oontinaoob  shelf  which 
is  coextensive  with  the  occupancy  of  the  shore  by  theee  rocks,  and 
which  is  now  frequently  oconpied  at  the  shore  by  a  low  beach. 
The  profile  of  the  beach  of  ooaree  varies  according  as  it  is  shel- 
tered or  is  exposed  to  an  open  expanse  of  water.  The  water  off 
tiieee  shores  is  generally  shallow,  and  wave  action  therefore  feeble 
on  the  immediate  shore,  so  that  high  beaches  do  not  prevail.  Scarps 
or  cliffs  of  importance  are  not  common,  althongh  a  few  good  sea- 
diffs  oooor,  especially  on  the  islands.  An  occasional  abrapt  rise  of 
the  ground  may  perhaps  foe  interpreted  as  a  cliff,  genetically  consid- 
ered, but  the  rocks  seem  to  yield  readily  to  the  degrading  infinenoe 
of  the  weather  and  vegetation.  The  shallow  off  shore  water  and 
the  shore  itself  is  frequently  strewn  with  boulders  which  the  waves 
are  anable  to  handle.  These  boulder  strewn  ehoies  are  regarded 
as  a  phase  of  beach.  Under  other  oondidions,  which  would  allow 
the  acoess  of  more  potent  waves  to  the  shore,  these  boulders  would 
nndonbtedly  be  ridged  up  together  in  beach  fashion.  The  sweeping 
contoar  of  the  shore,  the  low,  eonbinaons  beaches  and  the  degra- 
dation of  the  cliffs,  all  give  the  shore,  as  has  been  said,  an  aspect 
of  great  maturity. 
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ANKUAL  BEPOBT 
DELTAS  AND  VATE-BtllLT  TEBBAOES. 

On  the  north  shore  of  lake  Saperior  deltas  and  wave-built  ter< 
TBoes  are  natnrally  assodiated.  The  sine  qua  non  ot  a  wave-boilt 
terraoe  is  the  itCoeaaioQ  to  the  shore  of  more  detritos  than  the  forces 
of  the  shore  can  either  transport  or  palverize.  On  a  shore  where 
the  development  of  cliffs  has  not  proceeded  snfficiently  to  yield  an 
abandance  of  detritus,  the  only  place  where  snoh  a  congestion  of 
shore  drift  is  liable  to  oconi  ie  in  the  vicinity  of  streams  which  are 
bringing  down  pebbles  and  boulders  to  the  lake  and  there  drop* 
ping  them  to  baild  np  a  delta.  Thaa  it  happens  that  along  the 
present  strand  of  lake  Saperior,  where  the  Bea-cliffs  are  not  largely 
developed,  the  chief  wave-bailt  terraces  are  found  on  the  onter 
margins  of  the  deltas  of  certain  streams  which  are  transporting 
coarse  material,  and  in  the  vicinity  of  certain  rocks  of  limited  dis- 
tribntion  which  disintegrate  rapidly  and  shed  an  abndanoe  of  hard 
fragments,  as  in  the  case  of  the  red  porphyry  rocks  of  the  Minne- 
sota coast.  Streams  which  are  transporting  sediment  in  a  fine  state 
of  division  are  also  forming  deltas  at  the  lake  shore,  bat  there  are 
DoWave-bailt  terraces  associated  with  them.  Of  these  the  delta  of 
the  KaminietiqolA  is  the  most  notable.  Other  streams  which  emerge 
on  the  open  coast  where  the  water  is  deep  close  to  shore  are  aleo 
bailding  ap  deltas,  but  these  are  entirely  sab-aqaeous  or  are  barely 
perceptible.  Still  other  streams  have  their  sediments  intercepted 
by  small  lakes  before  reaching  lake  Superior,  and  these  add  little 
or  nothing  to  the  shore  drift  The  fewness  of  the  deltas  and  wave* 
built  terraces  on  the  north  shore  renders  it  difficult  to  compare  the 
local  influences  which  have  controlled  the  development  of  these 
features  in  the  different  geological  provinces.  There  are  certain 
general  considerations,  however,  which  may  be  mentioned.  The 
extreme  meagreness  of  the  visible  delta  accumulations  along  the 
shore  of  the  Keweenian  province  is  doubtless  due  to  the  proximitjr 
of  the  Minnesota  water-shed  to  the  coast  and  the  consequent  small- 
nees  of  the  streams,  and  to  the  exceptional  depth  of  water  close  to 
the  shore  line.  The  scarcity  of  wave-built  terraces,  which  are  in- 
dependent of  deltas,  is  to  be  ascribed  to  the  simplicity  of  the  shore 
line,  which  does  not  favor  the  lodging  of  shore  drift,  and  to  the 
fact  that  the  extensive  cliffs  which  characterize  the  Minnesota 
shore  are  only  effective  sea-cliffs  to  a  limited  extent,  being  proba- 
bly conditioned  by  a  pre-lacustrine  structural  feature. 

Along  the  front  of  the  Auimikie  province  there  are  only  two 
streams  of  importance,  the  Pigeon  and  the  Kamiuistiquia;  and  of 
these  the  former  appears  to  be  a  very  young  stream,  while  the  lat- 
ter i^  probably  one  of  the  oldest  streams  associated  with  the  pres- 
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ent  pbyBlography  of  the  lake  Saperior  bagia.  The  one  atream  has 
a  BiaaU  and  inaigoifioant  delta,  while  that  of  the  other  is  large 
and  important,  as  is  noted  more  in  detail  belov.  The  sediment  car- 
ried by  both  streams  is  fine,  and  there  is  no  vave-bailt  terrace  asso- 
ciated with  their  deltas. 

The  scarcity  of  wave-bnilt  terraces,  which  are  shrictly  ascribable 
to  the  present  strand  of  the  Animikie  province,  is  not  dne  to  any 
lack  of  shore  drift,  bat  rather  to  the  followiDg  fact:  The  more 
recent  stages  of  the  lake  have  had  their  shores  along  tains  slopes 
or  earlier  shore  embankments,  and  the*  general  shore  contonr  for 
very  considerable  stretches  has  not  materially  changed,  although 
the  lake  has  snbsided  throngh  many  sacoessiTe  stages.  Thos  there 
has  been  opportunity  afforded  for  snoh  a  distribation  of  the  shore 
drift  to  be  effected  as  to  establish  a  practical  eqnilibriam  withoat 
tendency  to  transport  so  long  as  no  new  accessions  are  made  to  the 
shore;  and  ve  have  seen  in  our  discosBion  of  the  cliffs,  that  for  the 
greater  part  of  these  shores  the  amount  of  shpre  drift  is  now  con- 
stant, or  is  diminishing  slowly  by  pnlverization.  In  the  process  ol 
establishing  this  approximate  eqnilibriam,  mnoh  of  the  ^lore  drift 
has  gathered  inthe  bays  and  has  been  ridged  ap  into  parallel  beaohea; 
bat  as  this  has  proceeded  pari  passu  with  the  lowering  of  the  level 
of  the  lake,  the  ridged  terrace  which  has  resnlted  differs  from  a  sim- 
ple wave-boilt  terrace  in  the  fact  that  it  is  not  lerel,  bat  slopes,  the 
mora  lakeward  ridges  being  lower  as  a  rale  than  those  farther 
from  the  lake.  The  additions  to  this  sloping  wsTe-boilt  terrace  made 
by  the  present  stage  of  the  lake  are  not  important  and  osaally  do 
not  exceed  one  or  two  beaches. 

The  delta-bailding  streams  of  the  Arohiean  prorince  seem  for 
the  most  part  to  draw  their  detritus  from  the  earlier  formed  em- 
bankments of  the  lake,  throagh  which  they  have  out  their  way; 
and  these  embaqkments  woald  seem  primarily  to  hare  been  built 
np  of  material  derived  from  morainic  aocamalations,  as  true  sea- 
eUffa  aapplying  shore  drift  hare  nerer  at  any  stage  of  the  lake 
been  prominent  features  of  the  shore.  No  well  characterized 
ware-bailt  terraces,  dissociated  from  deltas,  have  been  obserred 
along  the  shore  of  the  Arohtean  prorince.  In  the  Potsdam  pror- 
ince there  are  no  deltas;  and  no  ware-bailt  terraces  were  obserred, 
althoogh  it  is  possible  that  they  may  be  found  in  the  bays  which 
were  not  examined.  Their  existence  is,  howerer,  improbable.  A  few 
notes  are  here  girenon  the  more  important  deltas  and  wave-built 
terraces  of  the  north  shore,  based  not  on  a  careful  study  of  their  feat- 
ures, bat  only  on  snoh  cursory  examination  as  the  time  devoted  to 
the  work  would  allow. 
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The  DeUa  of  tJie  Kaminiatiguia. — The  Itirgest  and  most  im- 
preasive  delta  of  the  north  side  ol  lake  Saperior,  as  veil  as  the 
most  aooesBible  for  study,  is  that  of  the  Koministiqaia  riTer.  The 
lover  portion  of  the  stream  for  many  milee  back  from  its  auMifa 
has  ant  its  trench  down  into  the  delta,  whiah  baa  been  aoonmn- 
lating  thronghout  the  higher  atseoa  Of  the  lake,  and  this  trench  is 
ooatiBBBd  iato  the  lake  as  a  enb-aqneoos  channel,  navigable  tor 
large  lake  craft,  tfaroagh  the  delta  now  aoonmnlating  out  to  daep 
water.  The  river  has  three  months,  known  as  Fort  William  river, 
MoKeller'a  river  and  BUasio'n  river.  These  embrace  two  islanda  of 
the  older  delta,  the  river  bifurcating  twice  in  the  vicinity  of  the 
town  of  Fort  William,  abont  three  milea  from  the  lake  shore.  The 
material  broaght  down  by  the  stream  is  all  fine,  and  appears  to 
consist  of  olay  and  light  sand;  and  this  has  been  true  far  back  in 
the  history  of  the  delta,  as  appears  from  an  inapeotion  of  its  stmot- 
ure  as  revealed  in  the  trench  walls  of  the  river.  This  section 
shows  oniformly  (or  Qiany  miles  from  the  month  a  lower  portion 
of  an  indefinite  thickness  of  bine  olay,  over  which  is  spread  a  oon- 
tinoons  sheet  of  sand  which  forms  the  anrfaoe  of  the  gronnd.  The 
blue  <day  has  a  minimnm  thickness  at  a  dietaooe  of  fonrteen 
milee  from  the  shore  of  probably  fifty  feet.  The  sand  is  not  qnite 
oniform  in  thickness  and  ordinary  sections  show  that  it  ranges 
from  two  to  ten  feet.  This  stractnre  in  two  strata,  or  two  sets  of 
strata,  the  material  in  each  being  qnite  different  from  that  in 
the  other,  becomes  easily  comprehensible  when  we  consider  the  two 
main  conditions  attending  the  development  of  the  delta,  viz:  (1) 
The  extension  of  the  delta  embankment  from  shallow  into  deep 
water — a  condition  common  to  all  deltas;  and  (2)  the  subsidence 
of  the  base-level  of  erosion  as  the  level  of  the  lake  dropped,  which 
wonld  caase  a  more  rapid  lakeward  extension  of  the  delta  than  if 
the  base-level  were  constant.  Of  the  two  olaseea  of  material 
bronght  down  by  the  stream  the  clay  wonld  be  oanied  oat  to  deep 
water,  while  the  sand  wonld  be  dropped  in  shallow  water.  Bni  the 
shallow  water  at  any  given  stage  of  the  lake,  except  the  highest, 
was  deep  water  for  the  preceding  stages,  so  that  the  sand  for  this 
stage  wonld  be  spread  ont  over  a  clay  bottom.  The  same  process 
would  of  oonrse  operate  with  a  constant  base-level,  bat  the  hori- 
zontal extension  of  the  delta  would  not  be  nearly  as  rapid.  The 
process  is  in  operation  in  the  growth  of  the  delta  of  the  present 
shore.  The  shoals  from  the  mouth  of  the  river  on  either  side  of 
the  channel  out  to  the  vicinity  of  the  Welcome  islands,  are  sandy 
and  have  a  very  gentle  slope,  so  that  a  sailboat  may  ground  half  a 
mile  from  shore,  within  hailing  distance  of  a  two  thonsand-tem 
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propeller  steswag  np  the  ohannel,  as  the  writer  has  experienced. 
Near  the  Welcome  ii^KBdfl  the  elope  becomeB  steeper  and  ont  h^ 
jond  the  ielands  ia  clay  bottoHL  Thoa  the  development  o(  the 
present  delta  u  but  a  ooDtintution  ot  tba  twise  growth  which  has 
bnilt  ap  the  great  delta  extending  far  up  the  yaUo^  ot  the  Kamin- 
iatiqnia.  At  the  apes  ot  the  delta,  near  Kamiuiatiqaia  statiaa,  it« 
strnctnre  is  different,  as  is  indicated  elsewhere;  bat  here  the  oon- 
dititions  were  different,  the  current  was  powerful  and  coarse  mate- 
rial was  handled  by  the  stream.  The  channel  of  the  stream  near 
the  lake  is  so  open  and  anobstmoted  that  the  older  portion  of  the 
delta,  ba^k  ot  the  present  shore,  is  not  sabjeot  to  serioos  overflow, 
and  only  the  sabaqaeous  portion  is  growing.  The  slope  ot  the 
older  delta  surface  is,  as  it  should  be,  away  from  the  banks  ot  the 
eteeam,  at  least  on  die  north  side  towards  Port  Arthur.  The  south 
aide  of  th4  stream  has  not  been  examined.  At  the  line  ot  the  pres- 
ent shore  the  delta  is  faintly  terraced  by  the  development  ot  a  low 
sea-cliff,  as  it  marking  a  distinct  drop  ot  the  surface  ot  the  lake 
ot  a  few  feet. 

On  the  surface  ot  the  subaqeoua  delta  is  an  exceptionally  shoal 
linear  area  between  the  shore  and  Mutton  island,  so  that  it  is 
scarcely  possible  for  even  a  row  boat  to  pass  between.  This  linear 
shoal  appears  to  be  the  direct  product  ot  wave  action,  and  the 
final  result  will  doubtless  be  a  bar  connecting  the  island  with  the 
shore. 

The  Delia  of  the  Mazokamah. — At  the  mouth  of  the  Mazokamah 
river  a  delta  of  stream  gravel  is  at  present  being  bnilt  up.  The 
river  is  a  small,  rapid  stream  issniDg  directly  upon  the  lake  through 
a  narrow  oaiion.  The  latter  is  a  sharp  Y-shaped  cleft  in  the  high 
rocky  bluffs  which  here  front  the  lake.  On  the  west  side  the  flat- 
lying  Keweenian  rises  in  vertical  walls,  and  the  face  of  the  heavy 
sheet  of  columnar  trap  which  rests  upon  it  frowns  down  on  the 
shore  from  an  elevation  of  1,000  feet  or  more.  On  the  east  side 
the  Archcean  rises  in  scarcely  less  formidable  hills  with  varying 
slopes  and  much  greater  complexity  of  form.  Since  the  removal 
of  the  ice  sheet  the  Keweenian  cliffs  have  been  receding,  while  the 
ArchsBan  hills  have  not  been  sensibly  modified  by  the  agencies  of 
erosion.  Although  the  stream  is  rapid,  and  is  lowering  its  trench 
like  all  streams  entering  the  present  level  of  lake  Superior,  the 
bulk  of  the  material  which  it  brings  to  the  shore  is  derived  from  a 
great  embankment  of  beach  gravel  which  has  been  thrown  part 
way  across  the  cafion  at  the  higher  stages  of  the  lake,  and  which 
the  stream  is  now  undermining.  The  slides  from  the  cut  through 
this  embankment  tend  to  choke  the  stream,  and  it  is  the  purging 
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of  the  obannel  of  thia  Blide  material  which  supplies  nearly  all  of 
the  pebblee  for  the  delta  now  ander  oonBtraotioD.  The  delta  whioh 
is  thus  aooamnlating  on  tke  exposed  shore  of  Nipigon  bay  is  not  a 
simple  delta;  for  the  storms  havs  given  its  surface,  on  its  outer 
part  at  least,  the  ridged  character  of  a  wave-bnilt  terraoe;  and  the 
straotnre  thronghont,  as  far  back  as  the  wares  originally  reached, 
ie  doabless  a  composite  of  that  of  a  simple  delta  and  a  wave-boilt 
terrace  the  latter  being  gradually  dissected  and  overwhelmed  as 
the  delta  extended  lakeward.  To  the  northwest  the  delta  passee 
into  a  trae  wave-boilt  terrace  beyond  the  reach  of  the  delta  overflow. 
The  ectire  embankment  has  a  width  from  the  original  shore  of 
from  one-eighth  to  one-qnarter  of  a  mile,  and  ie  over  a  mile  in 
length,  eztendinft  to  Mazokamah  point  It  has  a  fairly  uniform 
level,  except  near  the  month  of  the  stream,  of  from  three  to  six 
feet  above  the  lake. 

The  Delta  of  Nipigon  River. — The  Xipigon  is  the  lai^est 
stream  flowing  into  lake  Superior,  yet  its  present  delta  is  small 
and  unimportant  as^a  feature  of  the  present  strand.  We  have 
not  far  to  look  for  the  reason  of  this.  The  stream  itself  is 
the  drainage  of  a  large  lake  and  just  before  it  drops  into  lake  Su- 
perior it  expands  into  s  series  of  small  lakes,  so  that  the  sediment 
which  it  carries  over  the  rapids  at  Nipigon  bridge  is  exceedingly 
small  in  amount,  and  the  water  appears  to  be  perfectly  colorless. 
Just  below  the  rapids,  however,  the  eddy  of  the  streanl  is  under- 
mining a  high  embankment  of  sand  and  gravel  and  this  affords 
sufficient  material  for  the  silting  up  of  the  small  bay  or  inlet  of 
Nipigon  bay  which  forms  the  last  oonple  of  miles  of  the  stream's 
course. 

The  Delta  of  Oravel  Biver.—TbeQr&vel  river  is  bringing  to 
the  north  shore  of  Nipigon  bay  a  copious  supply  of  gravel  and  the 
accumulation  of  this  makes  the  delta  of  the  stream  a  prominent 
teatare  of  the  present  shore.  The  srea  of  the  delta  which  lies  out 
beyond  the  general  line  of  the  shore  is  probably  abont  a  mile  square. 
It  is  dbsected  by  the  stream  and  has  a  uniformly  level  ap- 
perance,  any  slope  that  it  may  have  being  exceedingly  gentle.  The 
surface  of  the  delta,  like  that  of  the  Mazokamah  has  the  ohsracteris- 
tic  parallel  ridge  strncture  of  the  wave-built  terraoe,  and  the  re- 
cent formation  of  the  outermost  of  these  ridges  is  very  apparent. 

The  DeUaa  of  ike  Michipicoten  and  Pic  Rivers. — At  the  month 
of  the  Michipicoten  there  is  an  extensive  delta  accumulating  re- 
sembling somewhat  in  its  mode  of  development  that  of  the  Kam- 
inietiquia.  The  portion  of  the  delta  which  is  accessory  to  the  present 
strand  isdae  to  the  continuation  of  the  processes  whioh  have  been 
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in  operation  throngh  Berer&l  higher  stages  of  the  lake.  At  the 
front  of  the  delta  sncce^ive  beaohea  hare  been  thrown  up  and  in 
tnm  have  l)een  ont  throngh  by  the  stream.  There  is  a  similar  deltast 
the  month  of  the  Pio  river  associated  with  which  is  a  long  sand 
beaoh  of  the  present  shore.  Neither  of  these  deltas  was  examined 
snfSoiently  oarefnlly  to  warrant  any  farther  statement  regarding 
them.     They  wo'nld,  however,  donbtless  well  repay  careful  etndy. 

The  Delta  of  BruU  Eiver.—The  embayment  of  the  coast  into 
which  the  BrnlS  river  discharges  is  filled  with  a  great  wave-built 
terrace,  the  material  of  which  is  partly  a  delta  accnmnlation  of  the 
stream  and  partly  dne  to  the  lodging  of  shore  drift  6hed  from  the 
neighboring  cliffs  to  the  sonth.  These  cliffs  and  the  rooks  throngh 
which  the  stream  is  cutting  are  largely  acid  volcanic  rooks  of  the 
nature  of  quartz-porphyries,  easily  susceptible  of  mechanical  dis- 
integration. Aa  they  have  aocnmulated  the  fragments  have  been 
from  time  to  time  thrown  up  into  storm  beaches  one  in  front  of 
another  till  the'  embayment  has  l>een  filled  out  nearly  even  with 
the  general  tread  of  the  shore.  It  is  one  of  the  few  cases  of  sim- 
plifioation  of  shore  line  by  filling  in  on  the  Minnesota  coast 

Wave-Built  Terrace  at  Grand  Maraia. — The  small  wave-bnilt 
terrace  at  the  harbor  of  Qrand  Marais  is  the  only  one  of  note  on 
the  north  shore  of  lake  Superior  which  is  not  dependent  upon  a 
stream  for  its  supply  of  beach  material.  A  short  distance  to  the 
northeast  of  the  harbor  is  a  eea-oliff  of  quarlz-porphyry  which  is 
shedding  angular  fragments  of  rock  from  its  faoe  very  rapidly. 
The  cliff  is  vertical,  and  has  receded  twtwaen  prominent  points  of 
more  resistant  rook  till  a  distinct  bay  hae  been  formecL  At  higher 
stages  of  the  lake  there  has  been  a  similar  supply  of  the  same  ma- 
terial, though  not  all  from  the  same  cliff.  The  detritus  thus  ac- 
cumulated hae  lodged  at  Grand  Marais,  and  the  formation  of  the 
harbor  at  that  point  is  due  to  the  extension  lakeward  of  this  em- 
bankment in  the  form  of  successive  storm  beaches,  till  the  latter 
joined  with  the  rocky  island  shore  on  which  the  lighthouse  stands. 
This  junction  was  etfeoled  by  the  running  out  of  a  spit  from  the 
shore  till  it  met  the  lalaod.  The  oonstrnotion  of  the  wave-built 
terrace  was  begun  at  somewhat  higher  stagee  of  the  lake  than  the 
present,  and  is  doubtless  still  in  progress,  but  the  growth  in  on  one 
side  only  of  the  original  spit,  there  being  no  new  supply  of  beaoh 
material  within  the  harbor. 

HINOB  FEATUBES  OF  THE   NOBTH  SHOBE. 

There  remain  to  be  noted  as  minor  features  of  the  north  shore 
the  forms  known  as  stacks,  caves,  clefts  and  pot-holes,  and  these 
can  be  disposed  of  in  a  word.    These  features  have  l>eeii  found 
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only  along  tbs  shore  of  the  Keweenian  provinoe,  and  in  all  oaaea 
to  a  TOry  limited  extent  and  of  exceptional  ooourrenoe.  Staoks  are 
only  foond  where  a  portion  of  the  shore,  nsnally  not  more  than  a 
few  hundred  yards,  is  ooonpied  by  exceptionally  soft  material  that 
is  yielding  rapidly  to  shore  erosion  to  form  a  small  bay  or  cove. 
The  best  and  most  charaoteristic  stacks  were  observed  between 
Baptism  rirerand  the  Saw-teeth,  where  the  rooks  oooupying  ad- 
joining portions  of  the  shore  are  of  very  diverse  oharaoter  as  re- 
gards their  hardnesa  and  txiherence. 

Small  o^vea  a  very  few  feet  in  diameter  are  foand  in  the  face  of 
some  of  the  cliffs.  These  are  above  the  water  line,  and  are  not  de- 
veloped by  the  battery  of  shore  drift  against  the  face  of  the  olifF, 
as  there  is  no  shore  drift  in  sight;  bnt  are  evidently  canaed  prim- 
arily by  some  local  weakness  of  the  rook  which  eoablea  simple 
wave  action,  asaisted  by  the  solvent  powerof  the  water,  to  wearoot 
the  oavities.  Ordinary  over-arched  shore  oaves  doe  to  the  batter- 
ing of  shore  drift  against  the  base  of  the  cliffs  are  not  tonnd  along 
the  Minnesota  coast,  except  at  the  Palisades,  where  some  fine  dnee 
have  been  formed;  and  here  the  battering  process  is  a  small  factor 
aa  compared  with  simple  wave  action  aotinK  on  the  infinitely  jointed 
porphyry  of  the  cliffs..  These  caves  form  magnificent  archways, 
through  which  ooe  may  pass  in  a  large  row-boat  with  ease.  [See 
PI.  XL,  Fig.  L]  Ordinarily,  however,  the  cliffs  are  so  low  that 
the  incision  made  at  their  base  is,  owing  to  bedding  and  jointing 
planes,  carried  to  the  summit,  and  a  distinct  ^-shaped  oleft  in  the 
face  of  the  cliff  is  the  resnlt  These  clefts  are  numerous  along  the 
Minnesota  shore,  and  there  may  be  seen  almost  invariably  lying  on 
their  sloping  bottom  the  boulders  and  pebbles  with  which  their 
BOTtlptnre  ie  effected.  There  is  a  fine  arch  on  the  north  side  of 
Pigeon  point  wrought  oat  of  coarse  gabbro. 

Pot-holes  are  not  commonly  developed  on  lake  shores.  They  are 
usnally  the  products  of  stream  action.  On  one  part  of  the  Minne- 
sota shore,  however,  they  are  distinctly  the  product  of  wave  action, 
and  may  be  observed  in  process  of  formation.  The  place  where 
they  were  observed  is  on  the  shore  about  two  miles  east  of  the 
moTtth  of  the  Temi>erBnoe  river.  Here  the  shore  ie  occupied  by  an 
amygdaloidal  lava  of  uneven  textore,  which  forms  a  shelving  lake- 
ward  sloping  platform.  In  tliis  platform  are  numerous  pot-holes, 
the  deepest  having  a  depth  of  about  four  feet  and  a  diameter  at  the 
mouth  of  about  ttiree  feet.  In  the  bottom  of  the  pot,  unless  it  is 
very  shallow  or  has  been  breached,  there  are  always  one  or  more 
hard  erratic  boulders,  which  do  the  work  of.  grinding  oat  the  hole 
when  set  in  motion  by  the  waves  pooring  over  the  surface  of  the 


"tS- 


8TATI  aaOLOGIBT.  216 

platform.  The  holee  are  not  as  symcaetrioal  as  ,  hose  formed 
by  stream  aotioo,  bat  there  is  no  essential  difference  between  them 
and  the  Utter.  It  is  to  be  noted  that  the  rocks  which  are  here  sob- 
ceptible  of  having  pot-holes  developed  in  them  by  vave  action  also 
afford  in  the  oanon  of  the  Temperance  river  the  finest,  though  not 
the  largest,  pot-holes  to  be  seen  in  any  of  the  streams  of  this  coaat. 
The  canon  of  the  river  is  formed  by  a  systematic  series  of  deep 
pot-holes  which  have  breached  into  one  another,  giving  the  walls 
of  the  canon  a  ooncsvely  scalloped  form. 

Similar  shore  pot<holee  are  referred  to  by  Agassiz  as  oocurring 
at  cape  Ohoyye. 


COASTAL  CONTOUB8. 

THE  PBE8BHT  8H0B1  OOMTODB. 
Of  the  varions  elements  of  a  coastal  topography  the  shore  con- 
tonr  is  the  most  constant  and  therefore  perhaps  the  most  essen- 
tial and  important  Other  topographic  elements  may  shrink  into 
comparative  insignificance  and  some  of  them  may  vanish  entirely 
or  may  never  be  developed,  bat  the  shore  line  is  always  present. 
Like  some  other  phenomeoathat  belong  to  the  category  of  the  "ever 
present"  it  is  apt  to  be  overlooked  among  the  factors  in  the  total 
effect  vrhioh  constitates  the  topography  of  a  coast.  The  variation 
in  the  character  of  a  shore  line  is  a  variation  in  quantity — in  the 
length  of  the  line.  Iq  qnality  it  is  prEtciically  anvaryinfi;,  there 
being  no  attributes  of  excellence  or  imperfection  by  which  we  can 
qualify  a  description  of  it.  Its  shape  or  form  of  curve  may  be  re- 
garded roughly  as  a  function  of  its  length,  being  simple  or  intri- 
cate in  proportion  to  the  extent  of  time  which  traverses  a  circle  of 
a  given  diameter  and  passes  through  to  the  center.  Theinoou" 
stancy  of  direction  of  the  shore  renders  the  possible  variation  of 
the  form  of  the  contour  practically  infinite.  Thus  the  most  con- 
stant feature  of  a  coastal  topography  may  be  the  most  inconstant 
inform.  Bat  notwithstanding  this  variability  there  is  usually  a 
certain  broad  character  peculiar  to  the  contour  of  any  shore  devel- 
oped under  uniform  geological  conditions  which,  though '  difficult 
of  precise  description,  may  be  distiugoiehed  readily  from  that  of 
'an  adjoining  shore  developed  under  different  geological  conditions. 
This  statement  would  probably  be  difficult  to  substantiate  in  the 
case  of  very  mature  shores,  but  it  is  probably  only  in  exceptional 
cases  where  the  shore  of  a  large  lake  is  uniformly  mature,  and  the 
degree  of  maturity  is  largely  dependent  upon  geological  condi> 
tions. 
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When  we  consider  the  form  of  the  shore  contour  of  the  corth 
Bide  of  lake  Saperior  in  its  relatibii  to  onr  four  geological  provin- 
C8B,  we  are  at  once  straok  by  the  prononnoed  ohoraoter  peonliar  to 
,  each  province.  In  none  of  the  other  topographic  featarea  of  the 
coast  is  there  a  more  definite  and  numiatakable  dependence  apon 
strictly  geoli^oal  oonditiona.  The  moment  we  pass  from  one 
province  to  another  so  soon  do  we  pass  from  one  kind  of  shore 
contoar  to  another.  This  oontrast  of  the  character  of  the  shore 
contonr  can  best  be  appreciated  by  an  inspection  of  a  map  of  the 
lake.  Bnt  as  maps  of  lake  Saperior  on  a  suitable  -scale  for  snob  a 
comparison  are  not  common,  certain  portions  of  the  shore  are  here 
reprodaoed  to  illostrate  the  character  of  this  featore  in  the  differ- 
ent provinces.  fSee  Fi^.  1,  2  and  3.]  And  here  it  ia  well  to  re- 
call the  fact  that  the  apparent  simplicity  of  a  shore  line  as  in- 
terpreted from  a  map  is  in  a  measnre  dependent  upon  the  scaleof 
the  map.  Of  the  two  shores  both  mapped  as  simple  lines  one  may 
be  serrate  in  minute  detail  while  the  other  may  be  qaite  as  sim- 
ple as  represented. 

Shore  Contour  of  the  Keweenian  Province. — The  shore  contour 
of  the  Minnesota  coast  from  Dolnth  to  Grand  Portage  is  on  the 
whole  a  remarkably  simple  line.  It  has  the  form  of  a  slack  bow 
concave  to  the  lake.  Projecting  headlands  and  deep  bays  are  en- 
tirely absent  Sach  salients  and  re-entrants  as  are  worthy  of  note 
are  obtase  in  form  and  do  not  appreciably  add  to  the  length  of  the 
shore  line.  Yet  in  minute  detail  the  line  is  frequently  sharply 
jagged  and  serrate;  and  there  is  a  marked  absence  of  those  sweep- 
ing sinuous  curves  which  characterize  mature  shores.  Shore  ero- 
sion is  active  in  the  production  of  coves  and  the  whole  tendency  of 
development  appears  to  be,  in  this  adolescent  stage  of  the  shore, 
the  reverse  of  simplification.  The  present  stage  of  the  lake  found 
the  shore  without  indentations  and  a  vigorous  beginning  has  been 
made  in  the  work  of  evolving  them  and  in  effecting  a  more  intri- 
cate form  of  shore  contour.  Bat  it  is  scarcely  more  than  a  begin- 
ning. The  notches,  clefts,  and  coves  of  the  shore  can  only  be  ren- 
dered appreciable  on  a  very  large  scale  map  and  do  not  affect  the 
general  statement  of  the  simplicity  of  the  shore  line  considered  as 
a  whole.  The  shore  contonr  of  the  Keweenian  in  the  vicinity  of 
Black  bay  and  between  that  and  Nipigon  bay  is  very  different  from, 
that  of  the  Minnesota  cottst,  and  the  reasons  for  the  difference  are 
not  fully  understood  as  the  Oaoadian  distribution  of  the  Kewee- 
'  nian  has  not  been  carefully  examined.  This  much  is  known, 
however,  that  in  the  latter  district  the  shore  contour  is  intri- 
cate, and  is  further  complicated  by  the  presence  of  great  nam- 
bers  of  islands  lying  off  shore  in  a  fairly  well  defined  belt.    The 
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coaditions  differ  from  those  on  the  MinnesotA  coast  in  the  presenoe 
of  a  greater  mixtare  of  olaBtio  rocks  amoDK  the  volcanic  and  in  the 
greater  abnndanoe  of  dykes.  Thrae  differences  do  not  seem,  bow- 
ever,  to  fully  aocoant  for  the  great  contrast  in  the  topography  of 
the  two  Keweenian  areas;  and  the  saggestion  is  strengthened,  that 
the  simplioity  of  the  Minnesota  coast  is  dae  to  the  fact  that  prim- 
arily it  is  a  fanlt  scarp. 

Shore  Contour  of  the  Animikie  Province. — The  general  trend  of 
the  shore  along  the  front  of  the  Animikie  province  is  not  a  simple 
lina  Deep  narrow  bays  and  prominent  sharp  headlands  prevail, 
and  the  length  of  the  shore  line  is  large  in  proportion  to  the  ex- 
tent of  the  coKSt.  The  scalphire  which  gave  rise  to  these  bays 
and  points  is  pre-lacnstrine  and  the  tendency  of  the  shore  action 
is,  in  contrast  to  that  noted  on  the  shore  of  the  Keweenian  prov- 
ince, towards  simplification.  The  tendency  in  this  direction  is, 
however,  not  strongly  marked  on  aocoant  of  the  resistant  character 
of  the  extremities  of  the  promontories  which  have  not  yet  been 
appreciably  tmnoated  at  the  line  of  the  present  stage  of  the  lake. 
See  Fig.  2.  The  tendency  is  chiefly  manifest  in  the  filling 
np  of  the  heads  of  the  bays.  While  the  shore  oontoor  of  the  Ani- 
mikie province  is  in  stronjg;  contrast  to  that  of  the  Keweenian  by 
reason  of  these  large  salients  and  re-entrants  there  is  also  a  radi- 
cal difference  in  the  minnte  detail  of  the  shore  oontoar  in  the  in- 
tervals between  the  points  and  along  those  portions  of  the  shore 
which  are  exempt  from  bays.  There  is  very  little  of  the  sharp 
looal  notching  and  olefting  of  the  shore  line  where  the  shore  is 
rocky  aQd  none  of  it  where  the  shore  is  oooapied  by  shingle. 
Thns  the  shore  coutonr  of  the  Animikie  province  is  intricate  in  its 
general  features  bat  simple  in  its  minate  details;  while  that  of  the 
Keweenian  is  simple  in  its  general  features  and  serrate  in  its 
minote  detail.  The  conditions  governing  the  local  trend  of  the 
bays  and  points  along  the  Animikie  front  is  easily  recognizable 
and  there  is  a  prevailing  parallelism  in  these  features. 

Shore  Contour  of  the  Arckcean  Proutnce.— The  shore  contonr 
of  the  Archsean  province  is  exceedingly  intricate  in  detail.  If  the 
shore  were  represented  on  a  map  of  a  scale  safBoiently  small  to 
obliterate  the  detail,  so  that  it  would  express  merely  the  mean 
trend  of  the  coast,  it  would  be  indicated  by  a  fairly  simple,  obtusely 
zigzag  line  extending  from  Nipigon  to  Saolt  Ste.  Marie.  In  this 
general  and  varying  trend  there  may  be  recognized  two  degrees  of 
detail:  (1)  Wide-mouthed  bays  and  broad  or  obtusely  rounded 
headlands  which  indent  the  mean  trend  of  the  shore  to  the  extent 
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of  from  two  to  five  miles,  and  (2)  a  mach  more  elaborate  iadenta- 
tion  of  a  minor  kind,  vhioli  is  the  most  characteriatio  feature  of 
the  shore  of  the  Arobiean.  It  is  in  this  minor  indentation  that  the 
shore  oontonr  is  most  intricate.  It  gives  the  shore,  when  mapped  on 
an  adequate  scale  a  distinct  sufure-like  appearance,  to  ondersiand 
which  it  is  necessary  to  remember  that  the  shore  line  is  pr^daoed 
by  the  sabmergenoe  of  a  hnmmocky  or  mammilated  slope.  The 
land  and  water  seem  to  interlock  mncb  as  two  bones  of  a  skull  do. 
As  regaTds  the  major  indentations  of  the  shore  the  controlling  con- 
dition of  their  eyolation,  nnder  processes  of  pre-Iacnstrine  erosion, 
has  doubtless  been  the  variation  in  the  petrographical  character  of 
the  formations  along  the  line  of  the  present  coast  The  green  stones 
of  the  Ontarian  system  of  rooks  seem  to  have  been  more  resistant 
than  the  granite  and  gneiss  of  the  Laurentiaa  and  have  in  some 
coses  given  rise  to  headlands.  In  other  oases  one  portion  of  the 
Laurentien  was  probably  less  susoeptible  to  secular  decay  than 
another  and  so  stands  oat  as  a  promontory.  The  law  controlling 
the  evolntion  of  the  form  of  the  minor  indentations  is  not  apparent 
It  is  the  same  as  that  governing  the  forms  of  the  rochea  moutonneea 
and  the  hummocks.  In  neither  the  major  nor  the  minor  indenta- 
tions is  there  any  semblanoe  of  pfirallelism,  the  forms  and  direc- 
tions of  the  bays  and  points  being  exceedingly  diverse  and  irregu- 
lar. In  spite  of  the  excessive  intrioaoy  of  detail  of  the  shore  con- 
tour, the  indentations  of  this  line  are  very  rarely  sharply  angular 
but  are  rather  rounded,  being  practically  the  local  partial  contonrs 
of  the  hammocks  and  lompy  rock  maasee  of  the  coastal  slope. 
The  present  tendency  of  shore  aotion  is  towards  the  simplification 
of  the  shore  contour,  but  as  pointed  out  in  another  place,  it  is  only 
feebly  effective  on  aoconnt  of  the  smooth  obdurate  character  of  the 
rocky  points  and  the  consequent  scarcity  of  shore  drift  to  fill  in  the 
bays.  A  characteristic  feature  of  the  Arohesan  coast  and  one 
which  is  supplementary  to  the  minor  indentation  of  its  shore  line 
is  the  presence  of  the  fringe  of  rocky  isleto  lying  dose  in  to  shore. 
These  of  course  are  bat  the  summits  of  hummocks  and  roohea 
moutonneea  which  have  been  so  far  submerged  as  to  be  completely 
encircled  by  water.    See  Fig.  3. 

Shore  contour  of  the  Potsdam  Province. — The  extent  of  the 
Potsdam  province,  on  the  north  side  of  lake  Saperior,  is  so  limited 
and  so  broken  up  into  isolated  patohes  that  any  generalization  as 
to  the  character  of  its  shore  oontoar  would  beof  questionable  valae, 
were  it  not  that  the  same  province  has  an  extensive  distribution  on 
the  adjoining  south  side  of  the  lake,  under  similar  conditions.  The 
shore  contour  of  the  province  is  that  of  a  matnre  shora     In  detail 
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it  preeents  aweeping  noaoiiB  onrveB,  and  ihe  feir  aDgalantiea  &re 
apparently  dae  to  the  development  of  spits,  or  to  the  local  aconma- 
lation  of  ooarse  glacial  debrie,  in  shallow  water.  The  sioiplification 
of  tbe  abore  lioe  is  tar  advanced,  althongh  there  are  Bome  small 
bays  witboat  apparent  bars  across  their  entrance.  Saob  bays  are, 
however,  very  shallow.  The  general  trend  of  the  shore  line  ia  ir- 
regular, and  hae  no  dominant  direction  for  the  reason  that  the 
geological  province  ia  geographically,  if  not  geologically  made  up 
of  oatliers  of  the  more  extensive  formation  of  the  same  rooks  on 
the  soath  aide  of  the  lake. 

THE   BILL  CONTOUEfl. 

Inaemnch  as  the  topography  of  the  coast  is,  in  its  broad  features, 
essentially  pre-lacnstrine,  the  shore  contour  is  only  a  special  case 
of  the  hill  contours;  and  oar  consideration  of  this  special  case 
anticipates,  in  aome  degree,  an  account  of  the  more  general  con- 
tonra  of  the  coastal  slope.  These  contours,  as  they  would  appear 
on  a  topographic  map,  are,  quite  as  much  aa  the  ahore  contour, 
oharactaristia  for  each  province.  In  the  Keweenian  province  the 
hill  contours,  inland  from  the  brink  of  the  ahore  cliffs,  are  prevail- 
ingly long  sweeping  lines,  usoally  uniformly  spaced  for  a  constant 
vnrtioal  intervaL  On  a  map  dosed  curves,  indicating  isolated 
hills,  would  not  be  numerous,  and  only  in  a  very  few  oases,  snob  ae 
at  Oarlton  Peak,  would  they  approximate  a  circular  form.  These 
hill  contours  would  not,  however,  have  the  same  constancy  of  trend 
as  that  evinced  by  the  ahore  contour  of  the  present  strand.  This 
oomparisoB  of  the  ahore  contour  with  the  hill  contours  brings  into 
promioenoe  the  fact  that  at  none  of  the  higher  stages  of  the  lake 
faaa  the  shore  of  the  Reweenien  province  been  so  simple  a  line  as 
it  presents  for  the  existing  strand.  Many  sinnonsities,  bays  and 
headlaoda  characterized  the  abores  of  the  earlier  stages  of  lake 
Superior  along  this  portion  of  the  coast. 

In  the  Animikie  province  the  hill  oontonrs  would  for  the  most 
part  show  a  prevailing  paialleliam  with  the  shore  contour,  but  with 
a  gcreater  amount  of  indentation.  The  prevalence  of  mesa  scarps 
and  dykea  would,  aa  compared  with  the  Keweenian  coast,  necessi- 
tate a  great  crowding  together  of  contour  lines;  while  on  the  tops 
of  the  mesas  the  same  vertical  intervals  would  be  widely  spaced. 
In  their  trend,  also,  these  contours  would  show  andden  bends  and 
sharp  angularity,  features  which  contrast  with  the  gentler  curves 
of  the  Keweenian  province.  Closed  cnrvea  would  be  even  more 
exceptional  than  in  the  Keweenian,  but  would  occur  in  the  case  of 
isolated  mesas  similar  to  Pie  island. 
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In  the  ArahsBEui  proTiDoe  the  hill  oontoors  are  very  diatiiiofc  from 
those  of  either  the  KeweeDian  or  ADimikie  provinoea.  Wbaterar 
general  parallelism  they  may  hare  with  the  present  shore  is  ob- 
soored  by  their  great  irregularity.  The  hnmmooky  oharaoter  of 
the  country  would  give  rise  to  a  great  abondanoe  of  closed  curves 
in  contours  of  small  interval,  and  these  would  oonatantly  approxi- 
mate circular  and  oval  forma.  The  majority  of  the  contour  lines 
would  be  exceedingly  serpentiBe  in  character,  or  aatore-like  as  in 
the  case  of  the  present  shore.  For  the  same  interval  tiiey  would 
not  be  so  uniformly  spaced  as  in  the  Keweenian  province,  n(» 
would  they  ever  be  so  unequally  spaced  as  in  the  mesas  of  the 
Animikie. 

In  the  Potsdam  province  the  contours,  even  of  vary  small  inter- 
val, would,  on  a  map,  be  few  in  number,  widely  spaced,  and  sinu- 
ously straggling  as  is  usual  iu  neatly  flat  tracts. 

COASTAL  PB0FILE8. 

Those  elements  of  the  coastal  topography  which  are  beet  ex- 
pressed by  profiles  evince,  as  has  been  already  remarked,  a  very 
striking  dependence  on  geological  conditions;  and  the  profiles  in 
each  province  are  characteristio  for  it  to  a  remarkable  degree. 
The  petrographioal  and  struoiural  features  of  the  four  provinces 
find  very  distinct  expression  in  the  form  of  the  coastal  elopa 

The  possibilities  of  variation  in  a  topographic  profile  are  seem- 
ingly great  As  a  matter  of  fact,  however,  there  is  but  a  limited 
number  of  tgpea  of  profile  actually  met  with  in  the  inequalities  of 
the  earth's  surface;  and  nothing  would  startle  the  geological  eye 
more  than  to  meet  with  certain  profiles  which  are  mathematically 
possible,  and  easily  conceivable,  bat  which  are  not  developed  by 
geological  agencies. 

It  is  not  proposed  here  to  enter  upon  a  discussion  of  these  types 
of  profile  in  general,  but  a  few  may  be  enumerated  as  of  dominant 
occurrence  in  lake  Superior  topography.  For  the  sake  of  con- 
venience the  writer  will  take  the  liberty  of  apeoifying  those  differ- 
ent types  of  profile  by  definite  namra,  some  of  which  are  in  com- 
mon use. 

The  Dip  Profile— in  which  the  slope  is  definitely  conditioned  by 
the  dip  of  inclined  strata.  This  profile  is  common  as  a  portion  of 
anticlinal,  synclinal  or  monoclinal  structures,  and  ia  of  frequent 
occnrrenoe  where  the  full  structure  is  not  revealed.  It  also  con- 
stitntes  portions  of  the  full  profile  of  many  tilted  orographic 
blocks. 
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The  Flat  Profile — in  whioh  the  Tertioal  element  is  very  inng- 
nifioant;  oommon  in  andiBtorbed  horizontal  Btrata,  the  apper  beds 
of  which  are  not  maoh  above  the  local  base  leveL  of  erosion.  This 
vonld  of  oourse  include  base  level  plains  of  deposition.  The  same 
profile  may  also  be  fonnd  in  base  level  plains  of  erosion. 

The  Mesa  Profile — in  which  the  vraiioal  and  horizontal  elements 
are  nearly  equally  effective  and  are  manifest  in  the  profile  as  aot- 
nat  vertical  and  horizontal  lines  reapectively.  Most  oommon 
where  table  lands  are  wholly  or  partially  circnmscribed  by  cliffs 
of  differential  degradation. 

The  Strike  Profile — the  outline  of  a  section  of  inclined  strata 
taken  parallel  to  the  steike  of  the  rocks.  Theoretically  the  profile 
is  characterized  by  a  dominant  horizontal  line.  In  reality  the 
horizontal  line  is  usually  interrupted  and  indented  by  features  due 
to  uneven  eroBion. 

The  Biv&r  Trench  Profile— th^  profile  acroBB  a  line  of  drainage, 
oaaally  representing  a  distinct  trench,  the  form  of  which  varies 
according  as  the  drainage  is  new  or  old — juvenile  or  senile — from 
the  sharp  Y-shape  of  a  mountain  oafion  to  the  broad' fiat- bottomed 
valleys  of  a  base-leveled  plain.  On  lake  Superior  the  latter  of 
these  extremes  is  never  found.  With  reference  to  their  present 
base  level  all  the  streams  are  young  and  are  actively  cutting  trench- 
es. But  they  are  mostly  small  and  the  canpns,  with  one  or  two 
exceptions,  such  as  that  of  the  Pigeon,  below  the  falls,  and  the 
Kaministiquia,  below  the  falls,  are  not  impoeing. 

The  Precipice  Profile—in  which  the  vertical  element  is  greatly 
in  excess  of  the  horizontal,  and  which  lacks  the  flat  top  of  the  mesa. 
The  forms  which  give  thia  profile  may  be  developed  in  a  variety  of 
ways.  It  may  be  part  of  the  fallen  but  not  wholly  revealed  profile 
of  many  sea.cliffB.  It  is  common  in  the  forms  resulting  from 
stream  erosion  and  along  fault  lines. 

The  Dyke  /"ro^fe— usually  the  profile  of  a  sharp  ridge  with  a 
definite  approximation  to  verticEiIity  ou  both  sides,  resembling  two 
precipice  profiles  back  to  back.  Frequently  on  lake  Superior  the 
Vertical  aspect  of  the  profile  is  diminished  by  the  adherence  to  the 
sideB  of  the  dyke  of  indurated  portions  of  the  country  rock  inter- 
sected by  it. 

The  Hummock  Profile — characteristic  of  the  forms  resulting 
from  the  gradual  decay  of  massive  oryBtslline  rooks;  very  oommon 
in  Archeean  terranes  where  thia  character  of  surface  now  prevails, 
and  also  prevailed  prior  to  the  deposition  of  the  earliest  Palseozoie 
strata,  although  evidence  of  eeonlar  decay  of  the  pre-FalEeozoio 
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Borfaoe  ie  ezoeedingly  meagre.  Botundity  is  the  chief  oharaeter- 
istic  of  the  hnmmockB  so  that  convex  ooires  mark  their  profile. 
The  arrangement  of  the  hammockB  with  referenoe  to  one  aaoUier 
is  Tery  irregatar  so  that  no  two  neighboring  profiles  exactly  agree, 
although  the  general  charaoteristio  is  never  lost 

The  Talus  Profile — the  slope  of  repose  of  angular  fragments 
of  rook;  common  on  certain  parts  of  the  coast  of  lake  Saperior  but 
always  subordinate  to  more  important  profiles,  asaally  that  of  the 
mesa;  never  a  dominant  profile  as  in  the,  case  of  cinder  cones. 

All  of  these  profiles  may  be  observed  on  the  coast  of  the  north 
side  of  lake  Saperior.  Other  tjrpes  also  exist,  bat  it  is  believed 
that  they  are  of  minor  importance  for  the  purpose  of  this  discus- 
sion, which  does  not  pretend  to  be  exhaustive.  Some  of  these 
types  may  exist  alone  or  in  combination  with  others;  while  some 
exist  only  in  combination.  They  may  be  regarded  as  primary 
profiles  or  of  prime  importance  in  giving  character  to  the  topo- 
graphy of  the  coast,  being  the  results  of  sculpture,  under  various 
g^logiosl  conditions,  of  the  beveled  edge  of  the  rooky  plateau 
which  limits  the  lake  basin. 

These  primary  profiles  are  frequently,  however,  locally  modified 
by  the  imposition  upon  them  of  secondary  profiles  due  to  former 
lacustrine  action.  -These  seoondaryor  modifying  profiles  are  those 
of  the  various  shore  embankments  and  terraces  which  have  been 
developed  at  stages  of  the  lake  higher  than  the  present.  And  it  is 
these  modifications  of  the  coastal  topography  to  which  special 
attention  is  directed  in  the  sequel.  Bat  first  a  brief  oomparison 
will  be  instituted  between  the  primary  profile  of  the  different 
geoli^oal  provinces. 

Independently  of  their  topographic  character  the  profiles  of  a 
coast  may  be  classified  according  to  the  direotion  in  which  they 
are  taken  with  referenoe  to  the  trend  of  the  coast  as,  (1)  the 
parallel  profile  and  (2)  the  transverse  profile.  The  topographic 
type  which  these  two  directions  of  profile  exhibit  in  the  different 
geological  provinces  will  now  be  briefly  stated. 

THE   FAB&LLEL  FBOFILE. 

The  Keweenian  Province. — The  parallel  profile  of  the  Kewee- 
nian  province  is  characterized  by  the  dominance  of  those  special 
types  of  profile  which  have  been  designated  the  "  strike  profile," 
modified  by  the  "river  trench  profile."  Generally  speaking,  the 
strike  of  the  rocks  is  parallel  to  the  shore,  and  a  general  section 
through  the  coast  close  to  the  shore  line  and  parallel  to  it  would 
show  a  long  approximately  horizontal  tine  notched  by  i 
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trenahee  and  th«  deeper  oovea  of  the  shore.  The  TerticaL  distanoe 
between  the  level  of  the  lake  and  the  line  of  the  profile  would  be 
oomparatiTely  amall,  bnt  would  inoreaae  in  proportion  aa  the  line 
of  section  was  taken  more  and  more  remote  from  the  shore. 

The  Animikie  Province. — In  this  province  a  section  of  the  coast 
parallel  to  the  mean  trend  of  the  shore,  or  roughly  coincident  with 
it,  wonld  show  in  the  western  part  a  prevailing  series  of  "  dyke 
profiles,"  and  in  the  more  eastern  part  very  pronounced  "mesa 
profiles."  The  dykes  are  on  a  grand  scale,  and  as  they  form  the 
axes  of  several  of  the  long  points  which  ooodition  the  bays,  they 
appear  to  advantage  in  a  section  across  these  bajrs,  thoi^h  cutting 
them  obliquely.  Many  of  these  great  dykes,  thoagh  rising  in  pre- 
oipitons  ridgea,  acme  nearly  a  thousand  feet  in  elevation,  have  ooo- 
siderable  masses  of  the  adjacent  country  rook  adhering  to  their 
sides,  while  others  have  lost  this  and  rise  shear  from  the  water. 
This  prominent  dyke  topography  is  practically  absent  in  the 
Keweenian,  except  at  a  few  localities,  of  which  the  vicinity  of  the 
Saw-teeth  is  the  most  notable.  The  horizontal  line  of  the  mesa 
profiles  differs  froib  the  same  Hoe  in  the  strike  profiles  of  the 
Keweenian  in  the  greater  vertical  interval  between  it  and  the  lake 
level,  and  also  in  the  fact  that  this  interval  is  practically  constant, 
however  remote  inland  the  section  may  be  taken.  A  marked  char- 
acteristic of  the  coast  of  the  Animikie  province,  also  which  appears 
in  this  profile,  is  the  talus  profile,  subsidiary  to  that  of  the  meaas. 
In  none  of  the  other  provinces  do  these  talus  slopes  appear. 

The  ArchcBan  Province. — The  characteristic  parallel  profile  of 
the  coast  of  the  ArchsBan  province  ia  that  of  the  hummock,  and 
does  not  differ  essentially  from  the  transverse  profile  given  in 
generalized  form  in  Fig.  6,  except,  that  in  a  section  coinciding  with 
the  mean  trend  of  the  shore',  it  would  be  broken  by  intervening 
stretches  of  water. 

The  Potsdam  Province.— ^la  this  province  the  parallel  profile  is 
that  designated  as  the  "  flat  profile,"  and  is  somewhat  similar  to  the 
strike  profile  of  the  Keweenian.  It  wonld  differ  from  the  latter 
in  being  closer  to  the  line  representing  the  lake  level  and  in  being 
more  nearly  horizontal,  or  so  lowly  arched  as  to  be  sensibly  hori- 
zontal, and  woald  be  free  osaally  from  the  interruptions  due  to  the 
stream  trenches  and  sharp  coves  of  the  Minnesota  coast. 

THE    TRANSTEBSS    FBOFILE. 

The  Keweenian  Province. — II  one  leaves  out  of  consideration 
the  hummooky  gabbro  hills  of  Dnlnth,  which  are  of  limited  ex- 
tent, the  transverse  profile  of  the  Minnesota  coast  is  characteris- 
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tioally  the  "dip  profile"  in  oombination  with 
which  at  the  water's  edge  is  a  "preoipioe  («ofile," 
where  the  slope  of  the  ooost  breaks  away  ahear. 
There  is  a  oDifonn  aod  constant  lakeward  dip  of  t 
the  bedded  Toloaoio  flows  and  injected  sheets  of  \ 
which  the  series  is  composed,  and  the  slope  of  1 
the  oosst  is  clearly  conditioned  by  this  dip.  At 
a  few  places  along  the  ooast  the  nnderlying 
basement  npon  which  the  Keweenian  rests 
emerges  in  the  beaatifoll;  roonded  hnmmocks 
so  characteristio  of  the  Archeean  terraces,  bat 
these  are  so  limited  in  extent  that  they  do  not 
affect  the  character  of  the  profile  except  in  one 
case.  This  is  at  Carlton  peak,  where,  at  a  dis- 
tance of  something  less  than  two  miles  from 
shore,  a  huge  dome  of  the  underlying  basement 
rock  projects  through  Keweenian  strata  and  gives 
its  character  to  a  portion  of  the  profile.  To  the 
soathwest  of  CvUon  peak,  also,  a  heavy  sheet 
of  coarse  gabbto,  several  hundred  feet  in  thick' 
ness,  probably  the  remnant  of  a  great  intruded 
sill,  rests  upon  the  Keweenian  flows  and  has  a 
dip  conformable  with  them,  giving  the  appear- 
ance of  a  tilted  mesa  with  a  great  soarp  facing 
the  northwestv  and  a  lees  pronounced  mesa  edge 
facing  the  lake.  Other  localities  where  the 
characteristic  "dip  profile"  is  notably  deviated 
from  are,  in  the  vicinity  of  the  Saw-teeth,  where 
there  are  important  irruptive  masses,  intersect' 
iDg  the  Keweenian;  at  Farqnhar's  knob,  a  ridge 
whose  structure  has  not  been  investigated;  at 
Beaver  bay,  where  there  is  some  topography  of 
the  mesa  type;  and  at  Grand  Marais  where,  to 
the  west  of  Uie  harbor  there  is  also  a  mesa  ridge 
and  to  the  northeast  a  moranio  acoamolation. 
The  precipitous  termination  of  the  ooastal  slope, 
near  the  shore  varies  somewhat  in  character 
Where  the  rock  is  a  single  mass  from  the  water's 
edge  to  the  top  of  tbecliff,  it  is  usaally  almost 
or  quite  vertical,  as  at  the  Palisades  where  the 
cliffs  have  their  maxinm  elevation  of  210  feet 
Where  the  cliff  is  composed  of  different  strata  it 
is  frequently  step-like  in  character. 
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The  transrerBe  profile  of  the  Minnesota  ooast  is  freqaectly  mod- 
ified by  the  presenoe  of  embankmeDtu  and  terraoes  of  the  anoieot 
strands  of  the  lake  and  it  ia  probable  that  were  the  timber  re- 
moved  this  modification  would  prove  to  be  maoh  more  extensive 
and  important  than  can  at  present  be  reoognized. 

The  Animikie  Province. — The  tranaverBe  profile  ot  the  coast  of 
the  Animikie  province  is  characteristioally  that  of  the  mesa,  usual- 
ly with  the  sabsidiary  talos  profile,  but  sometimes  withoat  it. 
The  dyke  profile  is,  however,  not  nnoommon  in  the  same  part  of 
the  ooast  where  it  appears  in  tiie  parallel  profile.  In  the  valley  of 
the  Kaministiqnia  the  transverse  profile  ia  exoeptional)  as  will  be 
understood  from  what  has  been  said  of  the  development  of  the 
delta  of  that  stream  in  a  former  part  of  this  paper.  At  Fort 
Arthur  a  trap  sheet,  snch  as  HBoally  forme  the  cap  of  the  mesasi 
dips  towards  the  lake  and  passea  beneath  it,  and  there  is  other 
evidence  of  -  local  dlBtorbance  bo  that  the  profile  here  is  abnormal. 
It  ie,  however,  more  effectively  modified  here  by  the  embankments 
of  the  former  strands  of  the  lake  than  is  osaally  the  oasa  Towards 
the  head  of  Thonder  bay  the  tranererBe  profile  crosses  both  the 
Animikie  formations  and  the  underlying  Arohsean,  which  emerges 
from  beneath  it,  and  the  profile  is  correspondingly  complex. 

The  Archcean  Province. — Throughout  the  coast  of  the  Archaean 
province  the  hummock  profile  prevails  in  sections  transverse  to  the 
ooast  as  in  those  parallel  to  it.  The  exceptions  are  few  and  are  quite 
local.  Where  the  coast  is  coincident  with  the  strike  of  the  schis- 
toee  rooks,  however,  the  hummock  profile  is  combined  sometimes 
with  the  precipice  profile,  and  also  at  some  few  localities  where 
eea-cliffs  have  been  developed  in  massive  rocks.  Two  of  the  ex- 
ceptions to  the  general  hammock  profile  are  of  special  interest  In 
the  profile  of  the  coast  to  the  east  of  Bossport  there  are  places 
where  a  very  distinct  precipice  appears  widi  a  shelf  at  its  base, 
not  immediately  at  the  shore,  bat  at  some  little  dbtance  from  it 
Keeting  at  the  base  of  the  cliff  are  small  ontliers  of  the  Keweenian 
lava  flows,  in  place,  showing  clearly  that  the  cliff  is  pre-Keween- 
ian  in  date.  Other  portions  of  the  hnmmooky  slope  of  the  north 
coast  of  the  lake  have  small  oatlieirs  of  such  volcanic  rocks  and 
also  of  Keweenian  sedimentary  rooks  which  locally  modify  the 
profile  to  a  minor  extent. 

The  seoOnd  exception  is  also  of  exceptional  occnrrence.  It  occars 
where  the  line  of  profile  crosses  some  of  the  nnmeroas  trap  dykes 
which  intersect  the  ArchsBan  of  this  coast  Very  freqaectly  these 
dykes  have  disintegrated  mach  more  rapidly  than  the  adjoining 
country  rock  so  that  the  spaces  formerly  occapied  by  them  are  now 
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Bharp  trenohes  oE  reotangalar  Beotion.    la  Bhort  ^the  hommook 
>  profile  is  modtfied  hy  the  prasaaoe  of  wh&t  may  fairl;  be  termed  a 
negative  dyke  profile. 

The  Potsdam  Province. — The  traDBTerss  profile  is  here  again 
the  flat  profile  oE  low-lying  nndiatarbed  B^ata.  Within  the  limits 
of  what  may  (airly  be  termed  the  coast,  however,  we  pass  from  the 
Potsdam  to  the  AroheBon  and  the  two  types  of  profile  wonld  oom- 
mooly  appear  in  combination. 

THE  ABANDONED   BTBANDS. 

Oonsidered  as  pnrely  topographic  Eeatares  the  abandoned  Btrands 
of  the  north  side  of  lake  Superior  appear  most  prominently  in  the 
transTerse  profile,  as  modifications  of  the  primary  coastal  slope. 
This  modification  of  the  profile  is  only  of  local  oocorrenoe  and 
therefore  topographically  not  of  great  importance.  Many  extensive 
portions  of  the  coast  might  be  passed  in  review  withont  a  anspioion 
being  raised  in  the  mind  of  the  observer  of  their  having  served  as 
a  saocession  of  shore  lines.  The  strictly  topographic  interest  is 
therefore  quite  sabordinate;  and  it  is  only  when  we  begin  to  take 
cognizance  of  the  varioaa  and  wonderful  physic^raphio  changes 
which  have  conditioned  the  different  stages  oE  the  lake  that  the 
real  interest  begins.  The  shore  topography  on  the  hill  Bides,  even 
iE  it  were  far  more  oontinuous  than  it  is,  is  but  the  registration  oE 
the  Eormer  existence  oE  conditions  and  activities  other  than  those 
of  the  present,  and  it  is  the  possibility  of  acquiring  clear  concep- 
tions oE  these  vanished  conditions  that  gives  zest  to  the  inqoiry. 
The  nearnesH  oE  this  wonderfully  different  state  oE  sfEairs  to  the 
present  and  its  evident  gradation  into  normal  Eamiliarities  oE  our 
own  day  give  the  chase  Eor  the  facts  even  a  dash  of  excitement;  so 
realistic  is  the  picture  oE  the  geologic  yesterday,  conjured  up  by  the 
ooutemplatioQ  oE  beautifully,  perfect  shingle  beaches  and  terraces, 
one,  two,  three,  four,  five,  and  six  hundred  feet  in  the  air. 

Bat  even  this  interest,  strong  as  it  is,  has  been  made  sabordin- 
ate by  the  writer  to  another.  The  chief  object  in  the  inquiry  haa 
been  to  endeavor  to  ascertain  by  a  oaref  al  series  of  messurementa 
whether  the  old  strand  lines  of  the  lake  have  maintained  their  or- 
iginal horizontality  or  have  become  warped  and  tilted  as  in  the 
0096  of  the  shore  lines  of  lake  Agassiz  and  lake  Iroqaoie.  With 
this  object  in  mind  it  was  dearly  recc^aized  at  the  outeet  that  it 
would  be  hopeless,  owing  to  the  merely  local  development  of  shore 
featnreB,  to  settle  the  question  by  attempting  to  trace  out  continu- 
oosly  any  single  strand  line  or  any  Bet  of  aach  lines.  It  was,  how- 
ever, believed  that  the  etrands  of  different  vertical  aeries  ooold  be 
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oon'elated,  unless  there  had  been  rather  oomplux  movements,  by 
oarefnlly  oomparing  the  intervals  between  them.  Whether  the 
shore  linee  had  been  tilted  or  not,  the  interval  between  them  would 
be  constant,  provided  always  that  any  tilting  that  might  have  oc- 
onrred  waa  snbseqaent  to  the  abaodonment  of  the  lower  of  the  set 
of  Btranda  considered. 

In  order  to  affeot  saoh  a  oorrelatioii  the  most  aooorate  possible 
data  were  necessary,  and  steps  were  accordingly  taken  to  ascertain 
the  elevations  of  the  various  features  indicative  of  shore  lines  by 
precise  engineering  methods.  I  was  aocompamed  throaghoat  the 
exploration  by  Mr.  Louis  A.  Ogaard,  who,  assisted  by  Mr.  Fred 
'  Eiehle  as  lodman,  carried  lines  of  levels  from  the  shore  to  the  var- 
ious points  designated  by  me  in  any  series  of  beaches  and  ter* 
races,  oaing  a  T  level  earefolly  adjusted  from  time  to  time.  The 
fignres  given  in  descriptive  notes  which  follow  and  in  the  table  are 
the  figores  from  his  level  book,  and  the  writer  vouches  for  the  paina* 
taking  care  with  which  this  instmmental  work  was  done.  In  these 
fignres  the  decimals  are  not  dropped  for  two  ressons.  ( 1 )  The 
figures  do  not  represent  always  the  actual  level  of  the  water.  The 
crest  of  a  beach  is  always  above  the  level  of  the  water  line  at  which 
it  is  formed;  the  rear  of  a  terrace  may  be  sometimes  above  the  ac- 
tual water  line  and  occasionally  it  may  be  below  it,  so  that  in 
nearly  all  cases  a  correction  has  to  be  made  for  the  actual  water 
level.  The  amount  of  this  correction  is  never  definitely  known 
so  it  haslieen  thought  best  not  to  apply  it,  but  to  give  the  figures 
for  the  actual  observation.  In  this  connection  it  ie  well  to  note 
that  many  of  the  apparent  discrepancies  in  strand  lines  which  ^e 
oorrelated  in  the  table  are  doubtless  due  to  the  varying  value  of 
this  correction.  On  the  present  ahore  the  crests  of  living  beaches 
facing  the  open  lake  were  frequently  measured  at  all  elevations 
betwen  9  and  14  feet  above  calm  water.  In  less  exposed  parts  of 
the -shore  they  usually  did  not  exceed  6  feet  in  bight.  Again,  the 
base  of  a  sea-cliff  is  commonly  one  or  two  feet  above  the  calm 
water,  though  occasionally  it  coincides  with  the  lake-level  closely, 
and  the  rear  of  terraces  forming  at  the  mouths  of  streams  is  usual- 
ly below  the  lake-level  (2)  The  second  reason  for  giving  the 
actual  figures  of  the  level  book  ia  that  in  a  great  many  oases,  par- 
ticularly with  reference  to  beaches,  it  was  found  to  be  entirely 
possible  to  determine  the  elevations  accurately  within  a  fraction 
of  afoot,  so  sharply  horizontal  are  these  features,  and  there  aeema 
to  be  no  good  reason  for  giving  fignres  less  accurate  than  were  ob- 
tainable. It  will  be  understood  then  that  the  figures  giveu  do  not 
represent  precisely  the  actual  water  levels,  but  simply  the  eleva>^ 
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tioQ  of  Bhore  featores  developed  at  the  Tariooa  BtagM  from  vfaich 
the  actual  water  levels  may  be  inferred,  within  certain  ooneiderB- 
ble  limito  of  error. 

Before  diBooesing  the  data  obtained  by  the  inqoiry  or  formolat- 
ing  any  geseralizationa  it  will  be  well  to  first  become  familiar  with 
oar  facta,  and  to  this  end  "a  brief  descriptive  acooont  is  g^ven  of 
the  varioos  series  of  strand  lines  observed  on  the  coast  The  re- 
snlts  of  the  levelling  also  are  summarized  in  the  table  at  the  dose 
of  the  descriptive  notes.  In  these  notes  the  word  series  and  the 
number  attached  to  it  has  the  same  significance  as  in  the  table. 
The  Boman  nomerals  also  refer  to  the  table.  The  table  is  eiprefr< 
sive  ol  a  correlation  which  is  disonssed  in  the  pages  which  follow  it.  r 

DE90BIPTIVB  NOTES. 

Series  1. — Duluih  West. — On  the  hills  of  the  city  of  Dntnth  a 
very  clear  and  excellent  registration  of  some  of  the  higher  stages 
of  the  lake  may  be  observed.  The  city,  as  is  well  known,  is  being 
bnilt  npon  the  steep  lakeward  elope  of  a  massive,  ronnded  range 
of  coarsely  crystalline  gabbro,  which  within  the  city  limits  rises 
to  an  elevation  of  probably  800  feet  above  the  present  level  of  ibe 
lake.  On  the  upper  portion  of  this  slope  the  topography  is  such 
that  it  has  been  found  a  convenient  and  easy  matter  to  construct, 
as  part  of  the  general  embellishment  of  the  city,  a  magnifioeot 
carriage  drive  around  the  brow  of  the  hill.  This  carriage  drive 
follows  a  contour  line  at  an  average  elevation  of  .perhaps  470  feet, 
and  is  known  as  the  Lake  View  terrace. 

It  requires  bat  a  cursory  iuepectioQ  to  see  that  the  particular 
phase  of  the  topography  which  has  suggested  and  made  easy  the 
oonstrnotion  of  this  Lake  View  terrace  is  due  to  the  imposing  upon 
the  steep  and  rocky  hill-eide  of  a  feature  which  has  been  developed 
along  a  former  shore  line  of  the  lake.  This  feature  consistB  bt  a 
pronounced  natural  terrace  or  shelf  facing  the  open  lake.  It  varies 
considerably  in  width,  being  narrow  where  it  rounds  the  shoulders 
of  the  hills  and  widening  out  very  maoh  in  tho  bays  and  recesses.  It 
has  a  gentle  but  constant  slope  lakeward,  and  ends  rather  abruptly 
on  its  outer  edge,  dropping  away  into  the  general  steep  elope  of 
the  hill.  The  back  of  the  terrace  is  limited  usually  by  the  rounded 
glaciated  forms  which  characterize  the  upper  portion  of  the 
gabbro  mass.  These  rounded  forms  at  the  l»ck  of  the  terrace  are 
is  places  replaced,  however,  by  vertical  cliffs  of  gabbro  with  large 
blocks  which  have  fallen  from  its  face  scattered  about  the  rear  of 
the  terrace  and  partly  imbedded  in  it.    This  vertical  face  of  rook 
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with  its  tains  of  angular  blcxiks  represents  iindoabtedty  a  "eea- 
oliff"  and  is  like  the  terrace  a  prodaot  of  shore  action.  An  ex- 
ample (rf  such  a  sea-cliff  may  be  seen  near  the  npper  end  of  Kinth 
Ave.  West    [See  PI.  VIII,  Pig.  1.J 

The  material  of  which  the  terrace  is  boilt  consists  of  snrf-roUed 
boolders,  pebbles,  gravel  and  sand.  The  arrangement  of  this  ma- 
terial is  well  seen  in  the  cats  which  have  been  made  at  a  few 
points  in  the  oonstniotion  of  the  drive.  In  the  oat  at  the  apper 
end  of  Ninth  Ave.  W,  aboat  160  feet  in  front  of  the  sea-cliff 
jnsi  mentioned,  the  terrace  has  been  sank  into  so  as  to  afford  a 
verldoal  section  of  9  feet  The  lower  6  feet  of  this  section  show 
sharply  bedded  grarel  and  sand  with  oocaasional  bonlders  np  to 
one  foot  in  diameter.  [See  PI.  X,  Fig.  2.]  The  npper  3  feet  of 
the  section  although  composed  of  the  same  materials  is  not  dis- 
tinctly bedded,  bat  this  obsonration  of  the  stratifioation  may  be 
doe  to  the  action  of  vegetatioi).  The  strata  intersect  the  vertical 
plane  of  the  seotibn  nsnally  in  qoite  horizontal  lines.  At  the 
south  end  of  the  ont,  however,  obliqoe  bedding  of  alternating 
wedges  of  gravel  and  sand  is  well  seen,  the  dip  of  these  beds  being 
25  d^n^ees  and  less. 

The  relations  of  the  various  factors  of  the  topc^aphy  at  the 
head  of  Ninth  Ave.  W.  is  illustrated  in  the  diagrammatic  sec- 
tion. 


r'^^/C-,~--    i"'Ave.Weit  Dulufh 
Sr''  SraJt,  iini-ioafi. 

FlE.  8.'  Seotlon  at  the  bead  ot  Ninth  Av«.  W..  Duluth.  Elevation  of  terrace.  476  feet. 

The  rear  of  the  terrace  in  front  of  the  sea  cliff  was  found  to  be 
175.9  feet  above  the  lake  (XXXX).  The  stractare  of  the  terrace 
shows  that  while  primarily  it  is  a  wave-cut  Ceatare,  the  cat  shelf  of 
rock  and  the  slope  below  it  is  covered  with  current-sorted  material 
which  was  probably  brought  down  by  minor  drainage. 
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Evidecoe  of  shore  lines  at  lower  levels  in  the  western  part  of 
Dalnth  were  not  sBtisfactorily  observed,  althongh  they  will  prob- 
ably be  foond  if  looked  for  on  the  slopes  between  Dolnth  and  Fond 
da  Lho. 

At  H  higher  level, -however,  there  is  a  great  beach  which  spans 
an  emhayment  in  the  hijl  front  and  stretches  fljotinaonsly  between 
the  two  shonlderg  of  rock  which  are  at  the  head  of  Sixth  and 
Eighth  Aves.  W.  respectivoly.  The  Sdventh  aveuae  inclined 
railway,  which  was  nnder  eonstmotion  at  the  time  the  examination 
was  made,  terminates  on  this  t>eaoh,  the  crest  of  whioh  was  fonnd 
to  have  an  elevation  of  534  feet  (XXXI).  The  presence  of  the 
beach  is  clearly  revealed  by  the  topognphy  whioh  itimposes  upon 
the  hillsideL  The  contrast  with  the  unaffected  portions  of  the  hill 
is  striking.  The  horizontality  of  the  beach  orest  is  the  feature 
which  first  attracts  attention,  the  longitadinal  profile  of  the  beach 
with  the  rock  on  either  side  being  pot  nnlikij  that  of  the  npper 

half  of    a  dnmb-lwll,    tbas  '~- "•-      The    transverse    profile 

shows  the  oharaoteristio  andnlatory  front  slope  of  shingle  beaches, 
the  descent  being  by  a  eaccession  of  roonded  steps.  The  same 
profile  shows  also  a  well  marked  lagoon  hollow  behind  the  beach. 
The  ground  plane  ehows  that  this  lagoon  hollow  is  entirely  in> 
closed  by  the  straight  beach  in  front  and  by  the  rocky- slopes  of 
the  hill  on  the  sides  and  in  the  rear,  so  that  the  contour  of  its  rim 
is  roughly  of  the  form  of  the  letter  D. 

At  the  south  end  the  beach  has  been  quarried  for  road  ballast 
and  there  the  material  which  enters  into  its  composition  and  the 
arrangement  of  the  same  is  readily  observable.  The  material  c3on- 
sists  chiefly  of  pebbles  and  boulders  whioh  range  in  size  from  two 
to  six  inches  and  have  a  prevailingly  rounded  form.  There'  are^a 
few  large  boulders  up  to  two  feet  in  diameter  and  a  good  deal  o<f 
finer  gravel.  Stratification  is  not  discernible  in  the  mass  of  tha 
beach  and  the  pebbles  and  boulders  are  piled  up  in  the  irregular^ 
fashion  so  well  exhibited  by  the  living  beaches  of  the  lake.  There  1 
was  no  longitadinal  section  which  would  permit  of  an  observation  \ 
as  to  the  sorting  of  the  material  according  to  its  relative  coarse- 
ness. In  the  upper  part  of  the  beach  there  is  some  fine  gravel 
and  sand  which  shows  a  stratiform  arrangement,  bnt  this  is  prob-  1 
ably  due  to  wash  from  the  lagoon,  since  such  drainage  woald  .- 
doubtless  have  kept  a  way  open  for  itself  through  the  beaoh.  j 

The  andulatory  front  slope  of  the  beach  extends  from  its  orest  | 
at  an  elevation  of  534  feet  down  to  the  rear  of  the  terrace  already  i 
described  at  an  elevation  of  475.9  feet,  and  the  relations  seem  to  i 
warrant  the  inference  that  the  higher  strand  line  is  the  older  and     ', 
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that  the  water  sabeided  by  etages  till  it  arrirdd  at  the  one'  marked 
by  the  Lnke  Yiew  terrace,  where  it  remained  oonBtant  (or  a  saffioi- 
eot  length  of  time  to  evolve  the  Btriking  (eatare  of  the  togography, 
the  terrace  being  in  fact  cut  into  the  slope  of  the  older  and  higher 
beach. 

Series  2.—Du,luth,  Tenth  Ave.  jEJosf.— Near  the  head  of  Tenth 
Ava  East,  three  distinctly  marked  strand  lines  are  reoogniznble. 
The  highest  of  these  is  a  wave-bailt  terrace  of  pebbles  and  boald- 
ers  resting  on  a  rooky  slope  and  faciDg  the  open  lake.  Cnrefal 
levelling  established  its  elevation  at  5318  feet  (XXXI)  which 
agrees  within  a  foot  with  the  altitude  established  by  an  entirely 
independent  line  of  levels  for  the  beach  at  the  head  of  Seventh 
Ave.  West.  From  this  elevation  down  to  an  altitude  of  436^2 
feet,  or  in  roond  nnmbers  a  vertical  distance  of  100  feet,  there  is  a 
continaons  bank  of  beach  material  comprising  boalders,  gravel 
and  coarse  sand,  lying  upon  the  slope  of  the  hill.  On  the  front  of 
this  great  embankment  there  is  a  level  terrace,  which,  white  not 
very  broad,  is  persistent  and  on  being  traced  sonthward  is  found 
to  abnt  directly  against  the  rocky  slope  at  a  place  where  the  apper 
terrace  is  wanting.  This  second  terrace  was  foi^nd  to  have  at  the 
rear  an  elevation  of  473  feet  (XXIX)  which  agiin  agrees  very 
closely  with  the  figures  obtained  for  the  rear  of  the  Lake  View 
terrace  in  West  Duluth.  The  strnotnre  of  the  npper  terrace  is 
not  revealed  by  any  section;  but  below  the  473  foot  terrace  there 
have  been  a  number  of  excavations  for  rood  ballast  and  in  these  it 
is  seen  that  this  lower  part  of  the  gravel  bank  is  distinctly  strati- 
fied with  a  dip  in  the  direoLion  of  the  slope  of  the  hill,  bat  at  a 
mnch  leas  angle.  There  is  a  small  ravins  to  the  left  of  the  higher 
terrace  and  there  is  little  doubt  that  the  stream  which  flowed 
down  thii  ravine  supplied  the  material  of  which  the  whole  of  the 
100  foot  bank  is  oonstruoted :  and  the  development  of  the  two  ter- 
races and  the  stratiform  Btraotnre  seen  below  the  second  one  is 
probably  explained  by  the  following  considerations:— 

The  beiroek  of  the  ravine  is  much  lower  than  the  upper  terrace 
(XXXI),  and  was  so  when  the  lake  stood  at  the  level  at  which  the 
terrace  was  baili.  The  ravine  after  becoming  itself  filled  with 
detritus  to  the  level  of  the  lake  would  supply  the  material  for  the 
terrace,  and  besides  this  there  would  be  much  which  would  be 
carrieil  down  to  the  subaqueous  elope  and  arranged  by  the  varying 
carrents  into  strata.  As  the  level  of  the  lake  subsided  the  ravine 
would  be  cleaned  out  and  its  accumulations  spread  out  on  still 
lower  slopes  also  in  bedded  fashion.  In  this  way  the  100  foot 
bank  of  gravel,  etc.,  stratified  in  its  lower  part,  would  have  been 
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aooamnlated.  The  strand  line  XXIX  represents  a  stage  in  the 
recesaion  of  the  Tater,  at  which,  as  in  West  Dolalh,  a  second 
terrace  was  imposed  apon  the  slope  of  the  growing  bank,  partially 
oattiiig  into  the  flanks  of  the  upper  terrace. 

At  the  foot  of  the  rather  steeply  inclined  100  foot  bank  of  beach 
material,  the  slope  suddenly  changes  and  flattens  ont  into  a  broad, 
gently  inclined  terraoe  in  wh^ch  so  rock  in  place  is  seen.  The 
rear  of  the  terrace  was  foand  to  hare  an  altitude  of  436.2  feet 
(XXVII).  Its  surface  is  oompoaed  of  a  dark  earth  in  which  are 
embedded  scattered  boulders,  and  it  is  covered  with  grass  or  timber 
so  that  its  sabstructure  is  not  apparent.  On  following  the  rear  of 
this  terrace  northward  beyond  the  gravel  pits,  it  is  foond  to  abat 
against  the  rochea  mouionnees  of  the  hill-side  without  the  inter- 
vention of  the  gravel.  The  age  of  this  terrace  relatively  to  the 
gravel  terraces  above  it  is  doubtful  It  is  uncertain  whether  the 
gravel  bank  rests  upon  the  rear  of  this  terraoe  or  whether  the 
terrace  is  imposed  upon  the  lower  flanks  of  the  gravel  bank. 
Owing  to  the  absence  of  natural  sections  no  ready  answer  presented 
itself  to  this  question,  and  time  was  not  taken  to  investigate  it 
It  is  possibly  an  older  terrace,  but  evidence  of  this  supposition  is 
lacking. 

Series  3. — Hardy's  Schoolhouse. — Near  the  eastern  limits  of 
Doluth,  in  the  vicinity  of  Hardy's  schoolhonse,  there  is  a  mag- 
nificent  illustration  of  that  phase  of  topography  which  is  due  to 
the  development  of  a  bar  beaoh  and  delta  deposit  at  the  month  of 
a  valley,  which  has  been  the  channel  of  a  stream  flowing  into  a  lake 
at  a  level  now  abandoned.  The  altitude  of  the  crest  of  the  barrier 
beach  was  found  to  be  509.5  feet  (XXX)  above  the  lake.  North- 
ward from  it  there  extends  a  forest-clad,  rock-walled  valley 
about  a  mile  wide  at  the  month  where  spanned  by  the  barrier 
beach.  About  the  mouth  of  the  valley  are  several  isolated 
rocky  hills  which  evidently  formed  islands  in  the  lake  when  it 
stood  at  this  high  level.  They  rise  from  out  of  the  beach 
formation  or  from  the  flat-lying  delta  deposits  farther  out 
whioh  repreeente  the  shoals  of  the  old  lake  bottom.  The  crest 
of  the  beaoh  hae  a  curvilinear  form  and  extends  in  a  south- 
westerly direction  from  the  rocky  knob  at  the  schoolhonse,  whioh 
stands  at  its  northeast  extremity,  to  the  rocky  hills  which  rise 
at  the  back  of  the  city.  In  a  general  way  it  seems  concave 
towards  the  valley,  but  it  is  by  no  means  a  simple  ridge.  It  hae  a 
very  extensive  aerial  distribution,  and  while  on  the  side  it  presents 
sections,  as  along  the  line  of  the  electric  tramway,  which  are 
simple  lowly-arched  ridges  of  beach  material,  towards  the  middle 
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of  the  valley  it  epreade  oat  and  grades  into  a  broad  delta.  The 
oreet  of  the  beach  is  higher  than  the  yalley  bottom  to  the  north 
of  it  and  also  higher  than  the  flat  tract  to  the  south.  The  aeotioo 
referred  to  on  the  line  of  the  tramway  near  the  Bohoolhonae  is  a 
catting  made  in  the  oonstruotion  of  the  road  and  diaplays  a  verti- 
oal  aection  of  bboat  6  feet  of  evenly  bedded  and  obliqaely  bedded 
gravels  with  some  sands.    [See  Fl.  X,  Fig.  1.] 

On  the  lower  slopes  of  the  eastern  part  of  the  city  of  Dalnth  and 
for  many  miles  northeastward  along  the  ooast,  there  are  definite 
indications  and  snggestions  of  terraces  when  the  land  is  viewed 
from  a  distance.  There  are  two  circnmstances,  however,  which 
interfere  with  the  recognition  and  location  of  these  terraces  at  close 
gnarters.  The  ilrst  of  these  is  that  the  geological  structnre  of  this 
part  of  ths  coast  is  such  that  the  strata  dip  lakeward  at  about  the 
same  angle  as  the  slope  of  the  terraces,  so  that  the  changes  of  in- 
olinatioQ  in  the  transverse  profile  are  not  sofficiently  accentuated 
to  permit  of  reliable  determination  of  the  line  of  the  abutment  of 
the  terraces  upon  the  hill-side.  The  second  unfavorable  circum- 
stance is  the  prevalence  of  timber  which  obscures  the  surface  but 
allows  the  general  effect  of  a  terrace  to  be  sometimes  dimly  ap- 
parent at  a  distanoa  Oa  aooonnt  of  theaa  ooDditione,  no  time  was 
spent  in  trying  to  locate  ahore  lines  between  Daluth  and  Two 
Harbors. 

Series  4.—Tttio  Harbors  (D.&  I.  B.  By.).— On  the  line  of  the 
Duluth  and  Iron  Bange  railway,  northward  from  Two  Harbors, 
one  very  strong  suggestion  of  s  strand  line  may  be  obseived  in  the 
vicinity  of  mile  poet  32,  in  the  abutment  of  a  eloping  plain  againat 
a  series  of  mOTainic  hille.  This  change  of  the  character  of  the 
surface  comee  out  most  distinctly  when  viewed  from  a  distance. 
From  a  hill  top  on  the  ehore  of  the  lake  near  Two  Harbors,  even 
although  the  country  is  wooded  or  only  partially  burnt,  the  efFeot 
of  a  plain  abutting  upon  the  hills  is  quite  diatinot.  The  corre> 
sponding  change  in  the  elope  of  the  surface  is  recorded  in  the  rail- 
way profile  ss  published  in  Winchell's  Iron  Ores  of  Minnesota, 
plate  No.  XXXVII,  where  the  rear  of  the  terrace  at  the  32nd  mile 
post  is  given  at  475  feet  (XXIX). 

The  railway  yards  and  station,  at  the  town  of  Two  Harbors,  are 
also  on  a  terrace  whose  limitations  to  the  northwestward  could  not 
be  definitely  recognized.  The  elevation  of  this  plain  at  the  railway 
junction  is, according  to  the  same  authority,  36  feet  above  the  lake. 

Series  5. — Beaver  Bay. — The  mouth  of  Beaver  river  is  well  pro- 
tected from  south  and  southeast  winds  by  a  bold  head,  which, 
at  its  extremity,  presents  to  the  lake  vertical  cliffs  over  100  feet 
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higli,  bat  whioh  ia  eonaeoted  to  the  main  land  by  a  rooky  ridge 
aboat  50  feet  on  an  aTerege  above  the  lake.  Tkb  ridge  is  partially 
mantled  by  old  beach  material  and  eand.  The  stream,  after  emerg- 
ing from  the  gorge  throagh  which  it  discharges  ioto  the  lake,  hags 
the  northeast  side  of  this  protecting  ridge  for  a  oonple  of  hundred 
yards,  and  on  the  other  side  of  the  stream  there  has  been  built  ap, 
by  the  joint  action  of  the  stream  and  easterly  or  northeasterly 
storms,  a  well  defined  spit  [See  Fl.  XII,  Fig.  2.]  This  spit  seems 
to  be  orowding  the  stream  against  the  ridge,  and  in  oonseqaence 
it  ifl  oattiug  a  terrace  in  the  soft  material  trhioh  flatika  it  This 
same  coodition  of  things  seems  to  have  obtained  when  the  lake  was 
20  feet  higher  than  at  present;  for,  on  the  northeast  side  of  the 
ridge,  parallel  to  the  present  stream,  and  20.1  feet  (III )  above  it  is 
a  distinct  terrace,  which,  while  donbtless  dne  to  stream  action,  yet 
is  in  sach  a  position  that  it  must  have,  at  the  time  of  its  formation, 
corresponded  at  its  rear  to  the  then  level  of  the  lake. 

The  next  old  strand  line  observed  at  Beaver  bay  is  on  the  slopes 
above  the  base  of  the  spit  referred  to,  where  a  small  but  distinct 
terrace  is  found  at  an  elevation  of  79:9  feet  (VII).  The  terrace 
looks  ont  over  the  lake  and  lies  to  the  northeast  of  the  month  of 
the  gorge  from  which  the  stream  emerges.  The  hill  in  which  the 
terrace  is  ont  is  apparently  moranio  material  resting  in  a  rocky 
slope.  There  is  doubtless  also  an  admixture  of  stream  detritus 
but  the  heavy  sward  prevents  satisfactot?  determination  of  the 
strnctnre  of  the  hills. 

Farther  up  oa  the  slopes  of  this  hill  a  broad  terrace  has  been 
bnilt  up  evidently  in  the  form  of  an  embankment  of  the  strsam 
detritus  damped  into  the  lake  at  its  higher  stages.  This  terrace 
is  best  seen  in  the  cultivated  fields  on  the  west  side  of  the  Beaver 
river.  It  abuts  against  the  steeper  hills  as  an  old  shore-line  near 
the  grave-yard  at  an  elevation  of  126  feet  (XI).  A  few  hundred 
feet  down  the  slope  of  this  broad  and  gently-sloping  terrace  is  a 
low  beaob-like  ridge  of  fine  gravel  which  is  probably  of  the  char- 
acter of  barrier  beach  at  1148  feet  (X).  On  the  east  side  of  the 
river  fhe  hill  rises  somewhat  sniformly  in  the  form  of  a  broad 
sloping  well  timbered  terrace.  A  wagon  road  through  the  timber 
shows  that  while  the  slope  is  uniform  in  general  it  is  nneven  in 
detail,  is  strewn  with  boulders,  and  characterized  by  abundance  of 
red  mud.  This  broad  terrace  at  about  a  mile  baok  from  Beaver 
bay  enoircles  a  rocky  hill  which  rises  from  the  rear  of  the  gentle, 
nearly  fiat  slope  with  steep  sides  which  in  places  are  absolutely 
vertical  for  over  one  hundred  feet  The  sides  of  the  hill  at  these 
plaoes  present  &e  character  of  a  sea  cliff  and  the  abatment  of  the 
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gentle  boalder-Btremi  terrace  agaiset  this  rooky  bill  is  taken  to  be 

the  mark  of  an  old  strand  line,  at  a  time  when  the  hill  vas  an 

island  of  the  lake.     This  abutment  was  found  by  oar  measurement 

to  be  at  313.9  feet  above  the  lake  (XXII).    Tbe  hill  thns  encircled 

has  a  diameter  of  perhaps  one-half  mile  and  risaa  to  about  700 

feet  above  the  lake.     It  was  ascended  to  the  anrnmit,  but  no  red 

mnd  and  very  few  bSnlders  were 

seen    above  the   terrace  plane. 

Nor    were    any    indications  of 

, higher  strand  line  observable 

either  on  this  hill  or  on  the  aur-  X^ 

rounding  hills  aa  seen  from  its  ^ 

summit     The  summit  afforde  a  S  t" 

good   view  of  the  surroanding  3    ^ 

ooontry  and  the  terrace  in  gaes-  ^    c 

tion  appears  to  run  in  between  "^  g;^ 

the    bills   as  a  valley    bottom  ^  ^ 

which  as  far  as  conid  be  judged  ^    ^ 

in  the  timbered    state   of  the  i?  ^    5^  $* 

ooiintry,roee  on  the  danks  of  the   ^   ft     S"  Sj 

hiUs  to  a  constant  level.     Be.  f   '^     ^  .^ 

tween  this  hill  and  the  lake  on  ^   |;^    j.    S 

the  general  slope  of  the  main  "    ^     "'  r- 

terrace  there  is  a  anbordinate  a    ^    3    "* 

terrace  at  an  elevation  of    173  c    •«    §        \<.-"\ 

(««t(xy).  I  ^  s     '  -■ 

Series  6.— Baptism  Rirer—  S  %,  'l  '  "S^' 
Just  east  of  the  mouth  of  the  |.  '  g"  x 
Baptism  river  below  the  Palis-   ^  *^  ^ 

adea,  a  olear-^sut  sea-cliff  facing   ^  ^         ^ 

the  open  lake  reveals  a  unique 
and  interesting  section.  The 
cliff  riifes  practically  from  the 
present  level  of  the  Uke,  but 
there  ia  a  low  beach  a  few  yards 
wide  between  its  base  and  the  ,  ^^ 

edge  of  Stillwater.    The  lower  .^i.'^'; 

30  feet  of  this  sea-cliff  ie  verti- 
cal and  ooneistB  of  one  of  the 
acid  formations  of  the  Kewee- 
nian  volcanic  series  which  are 
usnally  so  intimately  jointed  and 
so  susceptible    of    mechanical 
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disint^ratioii.  Upon  thie  rock  rests  a  thickness  of  over  50  feet 
of  stratified  material  vhioh  presents  all  the  characters  of  a  shore 
embankment. 

It  is  made  up  chiefly  of  coarse  sand,  gravel  and  boulders  en- 
tirely ancemented.  Upon  this  stratified  beach-like  material  rests 
aboat  11  feet  of  heterogeneons  material  which  has  all  the  characters 
of  boolder  till.  The  part  of  the  sea-cliff  abAre  the  tower  vertical 
wall  of  rock,  although  made  up  of  these  incoherent  materials, 
presents  at  numerons  places  a  vertical  escarpment  in  its  npper 
part  with  a  tains  mantling  its  lower  part  down  to  tht>  brink  of  the 
rocky  cliff.  The  section  parallel  to  the  shore,  as  seen  when 
approaching  the  shore  from  the  lake,  is  shown  in  Fig.  9,  as  is  also 
the  cross  section. 

The  apper  incoherent  portion  of  the  sea-cliff  although  present- 
ing a  front  which  stands  somewhat  further  back  from  shore 
than  the  lower  rocky  portion  is  not  apparently  receding  at  a  faster 
rate,  but  is  receding  port  passu  wijih  the  undermining  of  the  rooky 
*  foundation  on  which  it  rests.  The  line  of  demarkation  between 
the  rocky  lower  portion  of  the  sea-cliff  and  the  stratified  material 
which  rests  upon  it  is  a  roughly  horizontal  one  and  seems  to  be 
the  trace  of  an  old  plain  which  is  of  the  nature  of  a  terrace.  The 
dividing  line  between  the  stratified  beach  material  and  the  third 
or  till-like  member  of  the  section,  is  also  a  horizontal  line  and  is 
sharply  marked.  There  seems  to  be  no  good  ground  to  doubt 
the  beach  character  of  the  middle  member  cf  the  section  for  the 
following  reasons:  (1).  Thecharacterof  the  material  is  that  which 
nsaally  constitutes  shore  drift.  (2).  Its  stratification  is  similar  to 
that  of  embankments  composed  of  material  not  too  coarse.  It  is 
both  horizontally  and  obliquely  bedded,  the  planes  of  the  false  bed- 
ding being  frequently  discordant.  (3).  The  apparent  embankment 
extends  out  from  the  west  side  of  a  bold  promontory  which  lies  to 
the  east  of  the  Baptism  river  and  the  material  is  coarser  near  this 
rocky  ridge  than  farther  from  it.  (1).  It  faces  the  open  lake  and 
extends  aoross  the  front  of  a  valley.  In  view  of  these  facts  the 
formation  is  interpreted  to  be  an  embankment  of  the  character  of 
a  beach  bar  that  once  crossed  or  partially  crossed  the  mouth  of  a 
bay  into  which  the  old  river  discharged.  The  material  of  which 
the  embankment  is  built  is  partly  foreign,  doubtless  brought  by 
the  stream  from  morainic  accumulations  inland,  and  partly  local 
from  the  mechanical  disintegration  of  the  cliffs.  The  upper  mem- 
ber of  this  section,  as  has  been  stated,  presents  the  heterogeneous 
character  of  boulder  till  In  places  it  is  a  pure  red  plastic  clay 
with  only  occasioned  pebljiles  in  it,  but  quite  devoid  of  structure;  a 
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few  yarda  away  this  will  merge  into  a  day  mixed  with  sand  and 
pebbles  in  the  most  inegnlar  fashion,  together  with  nnmerouB 
boaldere  both  roanded  and  angnlar  up  to  two  feet  in  diameter. 
Could  the  formation  be  shown  to  be  boulder  till  of  glacial  origin, 
the  section  would  be  of  great  interest  in  oonnectiDg  the  old  high 
leadfl  of  the  lake  with  the  presence  of  glacier  ice  at  a  time  poste* 
rior  to  the  primary  glaoiation  of  the  region.  The  suggestion  that 
this  till-like  formation  ie  of  glacial  origin  is  sustained  in  a  meas- 
ore  by  the  tact  that  it  is  found  at  the  month  of  a  short  valley  at 
the  upper  end  of  whioh  are  ranges  of  hilts  much  higher  than  are 
oaually  seen  on  this  coast,  and  which  might  have  served  as  a  gath- 
ering ground  for  local  glaciers.  In  spite,  however,  of  these  eng- 
gestioDS  of  glacial  causes,  the  origin  of  the  formation  must  be  for 
the  present  regarded  as  problematical,  and  theevidenoe  inoonclaeive. 
In  some  of  the  western  placer  mining  districts  the  heavy  beds  of 
stream  detritus,  consisting  of  boulders  and  pebbles  of  greatly  vary- 
ing sizes  imbedded  in  clayey  matrix,  and  devoid  of  definite  ar- 
rangement within  a  given  bed  of  great  thickness,  resemble  closely 
much  of  the  material  which  sometimes  is  called  boulder  till  and 
referred  to  glEicial  origin.*  In  view  of  the  insuffioieut  examination 
of  the  surrounding  conditions  nothing  beyond  suggestion  is  offered 
as  to  the  origin  of  the  till-like  stratum.  It  is  assumpd  that  the 
summit  of  the  stratified  gravel  is  the  approximate  crest  of  a  bar- 
rier beach  which  by  some  means  has  been  covered  by  the  till.  The 
summit  is  8b,8  feet  ab jve  the  level  of  the  lake  and  it  thus  falls  into 
place  with  strand  line  YII.  On  the  upper  or  westerly  side  of  the 
mouth  of  Baptism  river,  behind  the  club  house,  there  is  a  distinct 
wave-cut  terrace  which  has  been  carved  out  of  a  morainic  accumu- 
lation, the  rear  of  the  terrace  being  49.0  feet  above  the  lake  (V). 
The  terrace  has  a  very  low  angle  of  slope  and  is  strewn  with  bould- 
ers which  project  above  the  surfaoe,  giving  it  the  character  of  a 
boulder  pavement,  in  the  sense  in  whioh  Prof.  J.  W.  Spencer  uses 
that  term.  The  sea-clifE  behind  the  terrace  is  low  and  has  been 
rounded  by. atmospheric  waste.  The  morainic  material  rests  upon 
the  same  terraoe-like  platform  rock  as  that  observed  on  the  east 
side  of  the  river.     The  terrace  and  aea-oliff  face  the  open  lake. 


'Formations  of  the  < 


gruphlcal  chamct«r.  bo  In  spe&k.  for  dls- 
lons  and  those  due  toother  ngeacles  are 
not  yet  formulated.  Otlier  criteria  are  of  course  a vullable,  auch  as  the  Mrm  ot  the 
mass.  Ita  relation  to  adjacent  formations  and  other  coodlttonB  of  occurrence.  But 
tbere  seems  great  room  tor  error  If  we  rely  oti  the  chariLuter  of  the  formatloo  petro- 
gruphlcally  considered  as  a  means  of  recoRnlzliig  1t^  mode  of  development. 
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Series  7. — Saw-teeth. — About  three  miles  east  of  the  month  of 
Baptism  river  in  the  vicinity  of  the  Saw-teeth,  a  aearoh  was  made 
for  terraces  at  a  place  where  the  ooantry  had  been  burnt  and  the 
jangle  appeared  to  be  piasable.  Noae  were  seen  from  the  shore, 
and  the  fact  that  the  searoh  proved  suooessFal  warrants  the  belief 
that  st  many  places  along  the  Minnesota  ooast  ancient  terraces 
and  beaoh  lines  wilt  be  revealed  as  the  timber  is  cleared.  At  the 
locality  in  qu^tion,  a  great  embankment  of  shore  drift  mantles 
the  nnderlyiag  rocks  np  to  a  level  oF  130  feet  above  the  lake.  The 
upper  limit  of  this  embankment  forms  a  horizontal  contoor  around 
the  hill  and  marks  the  rear  of  the  highest  terrace.  Above  it  the 
hill  rises  with  an  acclivity  of  about  25  degrees  to  a  hight  of  about 
300  feet  above  the  lake.  The  terrace  has  a  slope  of  perhaps  6  de- 
grees and  at  the  place  examined  is  about  150  feet  wide.  There  is 
no  trace  of  wateNworn  material  on  the  rocky  slope  above  the  rear 
of  the  embankment,  only  scattered  angular  blocks  of  local  origin; 
and  from  the  summit  of  the  hill  no  suggestion  of  higher  terraces 
was  obtained  from  an  inspection  of  the  surrounding,  thiekly-wood- 
"XC  ^  *■*  ed  hills.  The  terrace  ■  ( SSI  )"probabIy  belongs  to  the  "cut  and 
built"  type  of  Gilbert,  bat  no  well-defined  olifF  has  been  developed 
and  the  aconmnlation  of  shore  drift  has  bflen  proportionately  more 
rapid  than  the  cutting  action,  a  tact  dae  doubtless  to  the  proximity 
of  streams.  About  150  feet  from  the  rear  of  the  embankment,  the 
upper  terrace  is  limited  by  the  sea-cliff  of  the  next  lower  terrace. 
Thesea-oliff,  having  been  cut  in  the  incoherent  material  of  the  em- 
bankment, is  well  defined,  although  its  slope  is  something  less  than 
the  angle  of  repose.  The  terrace  at  the  base  of  this  sea-cliff  is 
only  50  feet  wide  and  has  an  altitude  of  99.5  feet  (IX).  Below 
this  is  another  low  sea  cliff,  the  base  of  which  is  845  feet  high 
(VII),  at  the  rear  of  a  broad,  gently- sloping  terrace  which  extends 
for  nearly  one-fourth  of  a  mile  to  the  brink  of  the  cliffs  above  the 
present  shore. 

Series  8. — Gurlton  Peak — From  the  vicinity  of  the  Saw-teeth 
to  CarltoB  peak  fairly  definite  suggestions  of  two,  and  in  some 
cases  more  than  two  terraces  are  obtained  by  an  inspection  of  Che 
coast  from  the  lake.  The  country  is,  however,  heavily  timbered, 
and  experience  proves  it  to  be  impracticable  to  locate  them  within 
a  reasonable  time  by  crawlingthrough  the  jungle.  On  the  slope 
from  Oarlton  peak  to  the  shore  the  timber  has  been  burnt,  and  by 
hard  scrambling  through  the  windfall  it  was  possible  to  reach  the 
terraces  and  ascertain  their  elevations  approximately  by  aneroid 
observations.  The  figures  obtained  by  this  means  were  80  feet, 
(VII)  and  125  feet  (XI)  respectively,  above  the  lake  for  the  rear 
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parta  of  iwo  very  gently  aloping  terraces  that  bays  been  oat  Id  a 
broad  embankment  of  soft  material  which  mast  hare  acoamaleted 
at  still  higher  stagee  ot  the  lake.  The  preciHe  registration  of  these 
higher  stt^es  was  not  observed,  bat  the  conditions  of  examination 
were  nnfaTorable,  and  it  is  probable  that  higher  terraces  on  the 
flanks  of  Carlton  peak  will  be  found. 

Series  9  and  10. — Poplar  Rv^er — The  Poplar  river  cnts  throngh 
a  broad  embankment  of  sand,  graveli  etc.,  which  manties  the  rooky 
slope  of  this  part  of  the  coast  for  many  miles.  The  front  of  the 
embankment  overlooking  the  lake  descends  rapidly  to  the  present 
shore  by  a  snocessioa  of  cliffs  and  cut-terraces  which  have  been 
carved  out  of  the  main  embankment  at  varions  succeaeively  lower 
stages  of  the  water  eubseqaeBt  to  that  at  which  it  was  accumulated. 

The  brink  of  the  main  uinbankment  is  aboat  116  feet  above  ihe 
lake,  and  from  this  point  its  upper  slope  rises  very  gently  land- 
ward for  nearly  two  miles  to  an  elevation  of  about  300  feet  where  it 
abuts  shwply  against  a  steep  i*ange  of  a  gabbro.  The  general 
oharaoter  of  the  topography  and  the  underlying  structure  is 
analogous  to  that  desoribt^  at  Beaver  bay,  where  a  broad  gently- 
sloping  terrace  of  inooherent  material  abuts  on  precipitous  rooky 
hills  at  an  elevation  of  about  314  feet.  The  rear  of  this  brood 
terrace  at  Poplar  river  was  only  ascertained  very  approximately  by 
an  aneroid  observation,  so  that  the  figures  aie  not  incorporated 
with  the  more  precise  data  of  the  table.  The  wooded  character  of 
the  .country  practically  prevented  precise  observations  at  points 
distant  from  the  shore  without  an  expenditure  of  time,  labor  and 
moni-y,  which  would  have  been  incouBistent  with  the  modest  plan 
of  our  operations.  Although  the  newer  terraces  carved  in  the 
front  of  this  main  embankment  face  the  open  lake,  ihey  are  in  the 
immediate  vicinity  of  the  mouth  of  the  stream,  and  the 
stream  cnrrents  have  donbtless  played  an  important  part 
in  the  development  of  the  terraces,  eapplying  and  removing 
detritus  oontemporaneonsly  with  the  ontting  action  of  the  waves 
The  terraces  and  cliffs  are  all  remarkably  sharp  in  oross  profile. 
.  The  terraces  are  narrow  and  vary  but  little  txom  horizontal.  The 
angle  of  slope  of  cliffs  was  carefully  measured  and  three  were 
found  to  have  a  declivity  of  28°,  two  of  27",  and  one  (the  lowest) 

of  sa". 

The  lowest  terrace  of  the  series  is  a  wave-built  terrace,  and  is 
only  6.9  feet  (I)  above  the  level  of  the  lake  at  its  rear,  where 
the  fishermen's  boat-hoases  stand.  Towards  the  lake  it  grades 
into  the  present  shore.  The  higher  terraces  have  none  of  the 
characters  of  wave-boilt  structures  so  far  as  can  be  discerned.    At 
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the  sommit  of  this  aerieB  of  terrooes 
and  oliffB,jii3t  at  the  limit  of  the  main 
embankment,  is  a  beach-like  ridge 
with  somewhat  lower  groand  behind 
it  and  a  series  of  minor,  sQoceaiTely 
lower,  parallel  ridges  on  its  gentle 
lakeward  slope.  Thin  ridge  is  inter- 
preted to  be  a  barrier  beach  developed 
at  a  favorable  stage  of  the  emergence 
of  the  coast.  The  accompanying  cross 
profile  was  plotted  to  scale  in  the 
field  from  precise  meaearements. 

On  the  east  side  of  the  month  of 
Poplar  river  only  three  distinct  strand 
lines  have  been  registered  on  the  front 
of  the  main  embankment.  These  are, 
a  well-formed  wave-cut  terrace  facing 
the  lake  at  an  elevation  of  78.4  feet 
(VII);  a  less  distinct  terrace,  which 
is  seen  in  vertical  section  where  the 
river  gorge  cuts  it,  to  be  composed  of 
stratified  gravels,  the  elevation  of  its 
summit  being  99.6  feet ;  and  again  a 
beach  -like  ridge,  the  highest  line  on 
the  front  of  the  embankment,  at  116 
feet 

Seriea  11. — Goasi  east  of  Poplar 
River. — East  of  Poplar  river  two 
terraces  are  observed  to  follow  the 
shore  more  or  less  continuously  for 
some  miles.  Both  are  covered  with 
timber,  but  as  they  are  low  and  not 
osaally  distant  from  the  shore,  their 
topographic  character  is  not  obscured 
beyond  recognition.  Both  are  wave- 
cut  terraces  and  have  been  carved  out 
of  a  primary  embankment  which  man- 
tles the  rocky  slopes  of  the  coast. 
These  terraces  were  found  to  be  sus- 
ceptible of  partial  measurement  at  a 
fishermen's  clearing  about  two  miles 
from  Poplar  river.  Here  the  brink 
of  the  lower  terrace  is  145  feet  above 
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the  lake,  the  front  limit  beiog  b  steep  eea^lifE  rising  from 
the  present  shore.  The  terrace  is  160  feet  -wide  and  at  its 
rear  has  an  elevation  of  17.8  feet  (III),  thus  exhibiting  a  elope 
of  about  2  in  100.  From  the  rear  of  this  terraoe  an  other  sea 
cliff  risee  with  a  elope  of  37  degrees  and  the  brink  of  the 
second  terraoe  ie  37.5  feet  above  the  lake.  The  terraoe  rune  back 
onder  the  beach  apparently  nearly  flat  The  elevation  of  its  rear 
portion  was  estimated  to  be  6  feet  higher  than  its  brink,  thns  mak-  . 
ing  the  shore  line  abont  43.6  feet  (Y)  above  the  lake.  The  lev 
eea-cliff  which  rises  above  the  present  shore  and  limits  the  lower 
terrace  lakeward  is  rather  a  striking  featare  of  this  part  of  the 
shore,  being  a  vertical  soarp  of  the  old  embankment  material  rest- 
ing apon  rook  varied  in  places  by  shorter  stretches  in  which  the 
cliff  is  wholly  rook  or  wholly  embankment  gravel. 

Series  IZ. — Qood  Harbor  Bay. — The  next  locality  along  the 
coast  where  the  ancient  strand  lines  are  sufficiently  recognizable 
to  be  measared  is  at  Good  Harbor  bay.  The  bay  is  open  to 
the  east  and  northeast  and  presents  on  the  maps  bat  a  small  jog 
in  the  generally  uniform  trend  of  the  shore.  The  west  side  of  the 
bay  is  overhong  by  a  sea-cliff  of  very  slightly  inclined  beds  of  red 
and  brown  shales  and  shaly  sandetone  whidh  risee  vertically  to  a 
bight  of  15  feet.  Between  the  base  of  the  olifF  and  the  shore  line 
there  is  a  narrow  and  low  beach  of  shingle  derived  chiefly  from 
the  cliff.  Above  this  sea-clifE  there  ie  a  terrace  about  100  feet  wide 
and  20  feet  high  at  its  rear  (III),  which  is  thickly  strewn  with 
shingle.  Immediately  above  this,  with  a  low  cliff  between,  is 
another  terraoe  25  feet  wide  and  27.2  feet  high  at'  its  rear  (lY), 
and  also  eat  out  of  shingle  and  gravel.  A  third  sea-cliff  cat  oat  of 
irregularly  stratified  gravels  and  sands  of  a  primary  embankment 
riees  above  this  for  about  60  feet  Above  the  summit  of  the  cliff 
the  ground  rises  gently  in  a  rolling  succession  of  beach- like  ridges 
for  several  hundred  feet  horizontally  and  then  grades  into  a  dis- 
tinct terrace  abutting  against  the  higher  slopes  of  the  bill  at  an 
elevation  of  116.3  feet  (X). 

Series  13. — Grand  Marais. — The  pinkish  acid  volcanic  rocks  of 
the  vicinity  of  Grand  Marais  have  by  their  mechanical  disintegra- 
tion along  .the  sea-cliffs  afforded  an  abundance  of  shingle  and 
gravel  with  which  the  waves  have  banked  up  a  fine  series  of 
beaches.  These  have  been  arranged  in  parallel  ridges  in  the 
form  of  a  beautifully  distinct  and  typicsl  wave-built  terrace.  As 
this  terrace  encroached  npon  the  area  of  the  lake  the  space 
between  the  shore  and  the  rocky  island  upon  which  the  lighthouse 
stands  was  spanned  by  a  spit,  and  the  constrnction  of  the  terrace 
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vroB  limited  to  the  nnrtheast  side  of  the  reaalting  bar,  sisoe  the 
latter  closed  in  a  bay,  the  only  entrance  to  vbich  is  by  a  deep  chan- 
nel between  rocky  points  throaf{h  which  no  shore  drift  ooald  enter. 
£See  Fl.  XII,  Fig.  1.]  Within  the  bay  at  Grand  Marais  the  ware 
action  has  been  restricted,  for  lack  of  sapply  of  new  materia!,  to 
workinii;  orer  the  old  material  broagbt  there  before  the  bar  was 
eetabliahed;  and  its  effect  has  been  doabtlese  to  extend  the  aiae  of 
the  bay  and  render  it  shallow.  Within  the  bay  the  crest  of  the 
livii  g  beach  has  an  altitude  of  5.5  feet  and  is  23  feet  distant  from 
the  water.  Parallel  to  this  and  65  feet  farther  inland  aorosa  an 
intervening  hollow  is  an  old  beach,  the  orest  of  which  is  6.1  feet 
above  the  lake  (I).  Behind  this  is  again  a  hollow  and  beycnd  the 
KToand  rises  in  two  low  steps  to  cnlminate  in  a  third  distinct  and 
bare  beach-crest  at  a  distance  105  feet  from  the  second.  The  alti- 
tude of  this  thiid  l>each  is  12.1  feet  (II).  This  is  again  followed 
landward  by  a  parallel  hollow,  and  again  the  ground  rises  (all  bare 
shingle  and  gravel)  in  two  low  steps,  each  about  25  feet  broad,  the 
higher  of  which  is  17*5  feet  at  its  edge.  Neither  of  these  steps  is 
taken  to  mark  a  definite  stage  of  the  water.  The  apper  of  these 
steps  grades  into  a  gei-tly  sloping  wave-cat  terrace  230  feet  wide 
and  29.1  feet  high  at  its  rear.  Thus  from  the  back  of  this  terrace 
(lY)  to  the  present  shore  there  appears  to  have  been  no  sndden 
drop  in  the  level  of  the  lake  bat  a  gradaal  recessioa  of  the  water. 
At  stage  IV  tbe  waves  were  catting  a  terrace  oat  of  a  pre-ezistent 
embankment  of  shingle  and  gravel  Ah  the  water  sank  the  sopply 
of  drift  from  neighboring  cliffs  seems  to  have  increased  so  that 
terrace-catting  gave  way  to  terreuse-bailding.  The  particniar  sec- 
tion selected  for  measurement  shows  the  wave-bailt  terrace  at  its 
narrowest  part.     Farther  east  it  is  many  times  brooder. 

Along  the  line  of  examintion  the  ontting  action  which  prodoced 
the  terrace  of  strand  IV  had  eaten  back  into  an  embankment  <i 
shingle  to  the  line  of  a  beach  of  a  former  higher  stage  of  the  lake. 
For  at  the  rear  of  the  terrace  a  low  sea-cliff  of  shingle  rises  with  a 
slope  of  28  degrees  and  this  slope  is  nearly  coincident  with  the 
froiit  slope  of  a  very  distinct  shingle  beach  with  a  hollow  behind 
it,  the  crest  of  which  is  43.6  feet  above  the  lake  (V).  Alwve  the 
level  of  this  beach,  the  slope  of  the  hill  rises  gently  with  an  nndn- 
lating  profile,  and  presents  a  surface  of  gravel  obscured  by  forest 
loam  and  shrubbery.  In  this  vaguely  nndnlating  profile  which 
was  plotted  to  a  large  scale  with  great  care,  ia  the  field,  only  two 
shore  linps  are  distinctly  registered,  viz:  one  at  an  elevation  of 
55.9  feet  (VI).  in  the  form  of  a  terrace  26  feet  wide,  and  another 
at  113.5  feet  (X),  where  the  last  of  the  gravel  was  observed. 
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Less  than  half  r  mile  farther  weat,  however,  two  still  higher 
Btrand  lines  were  observed  and  their  -altitades  measared.  The 
lower  of  these  is  a  terrace  127.3  feet  high  (XI)  which  is  well  seen 
from  a  distance  towards  eveniDg.  bat  which  is  leas  apparent  at 
close  qnarters.  The  higher  is  a  distinct  bat  not  an  extensive 
gravel  terrace  encircling  low  glaciated  domea  of  rock  at  an  eleva- 
tion of  162.6  feet  (XV).  This  upper  terrace  is  nearly  on  a  level 
with  the  lower  part  of  tiie  bo!d  blaff  which  overlooks  Grand 
Marais  on  its  southwest  side.  This  blnff  presents  vertical  walls 
from  20  to  60  feet  high  and  was  a  sea-cliff  when  the  water  stood  at 
the  162£  foot  level.  On  the  east  side  of  Grand  Marais  village  a 
trail  goea  up  over  the  hill.  This  was  followed  to  the  summit  of 
the  pass,  about  750  feet  above  the  lake,  in  search  of  higher  strand 
lines.  Bat  although  the  trail  passes  almost  oontinaoualy  over 
morainic  aooumulations,  no  trace  of  a  shore  line  was  observed  at 
levels  higher  than  that  last  recorded. 

Seriesl4.—-K:im}fair8  Gre^ — From  Grand  Marais  Eastward  a 
low  terrace,  corresponding  to  strand  liaelV  or  the  29.1  feet  terrao 
at  Grand  Marais,  may  be  observed  for  several  miles  along  the 
ooast  as  far  as  Cow-tongue  point.  Higher  traces  of  shore  lines 
are  doubtless  present,  bat  they  are  ntterly  obscured  by  the  jangle. 
At  the  bottom  of  the  bay  below  Cow-tongue  point  three  terraces 
are  observable  from  the  lake,  but  only  two  of  these  could  be  located. 
The  third  eluded  our  search  although  it  must  have  been  covered 
by  OB-  in  our  excursion  in  quest  of  it  near  Kimball's  creek ;  and  the 
second  was  diffioalt  to  locate  with  precision  on  account  of  the  lack 
of  contrast  between  its  slope  and  that  of  a  pre- existent  slope  of 
rock  io  which  no  cliff  had  been  carved.  This  terrace  has  a 
measured  minimum  elevation  of  80.1  feet  (VII),  and  its  maximum 
is  within  two  or  three  feet  of  this  figure  It  is  evidently  neither  a 
wave-ottt  nor  a  wave-built  terraoo,  bat  might  be  classed  as  a  carrent- 
boilt  terrace.  Below  this  is  a  flat  clearing  on  which  stands  a  half> 
breed's  house.  The  fi^t  is  the  first  of  the  three  terraces  referred 
to.  At  its  rear  it  is  28.6  feet  high  (IV),  and  above  it  rises  a 
steeply  inclined  sea-cliff  carved  out  of  the  primary  embankment, 
whose  upper  surface  oonstitates  the  second  terrace.  Farther  along 
the  shore  this  terrace  is  again  seen  abont  a  mile  below  Fish-hook 
point,  and  again  below  the  mouth  of  Briil6  river,  where  it  is  being 
cut  iuia  by  the  wave-action  so  as  to  present  the  scarp  of  e.  sea-cliff 
rising  above  the  existing  shore. 

Series  15. — Horsfshoe  Bay. — At  the  bottom  of  Horseshoe  bay 
there  is  a  very  remarkable  and  striking  series  of  three  beautifully 
'  developed  beaches.    The  bay,  as  its  name  implies,  is  not  long  pro- 
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portionate  to  its  width,  bat  its  shoreB  oonverge  towards  the  apper 
end  and  the  ware  action  bas  been  exceedingly  energetic  in  oonse- 
qaenoe  of  this  rapid  conyergenoe.  Vertical  cliffs  of  maaBive  gab- 
bro  in  the  vicinity  of  the  bay,  particalarly  on  its  west  side,  where 
they  rise  to  an  elevation  of  50  feet,  have  supplied  the  material  of 
which  the  beaches  are  constraoted.  There  is  also  a  sparing  admiz> 
tare  of  glacial  erratics.  The  remarkable  feature  about  the  beaches 
is  that  there  is  no  shingle  or  gravel  or  any  fine  material  whatever 
in  their  oompoeitioo.  They  are  strictly  boalder  beaches  resem- 
bling ridges  of  cannon  balls,  although  there  are  as  many  sab-an- 
gnlar  boulders  as  rounded  ones.  {See  PI.  YIII,  Fig.  2.]  The 
crest  of  the  lowest  of  these  beaches  is  only  20  feet  borizoutally 
distant  from  the  present  shore  line  and  its  crest  is  11.9  feet  (I) 
'above  the  lake.  The  crest  is  strikingly  horizontal  and  cnrvea  par- 
allel to  the  oontoar  of  the  shore.  It  may  be  the  storm  beach  of 
the  present  stage  of  the  water,  bat  the  size  of  the  boulders  which 
range  on  an  average  from  6  inches  to  12  inches  in  diameter,  sug- 
gest that  the  crest  was  bailt  np  when  the  water  was  somewhat 
higher  than  now.  Behind  this  beach  there  is  a  slight  depression 
and  behind  this  the  second  boulder  beaoh  rises  to  an  elevation 
along  its  crest  of  17.6  feet  (II).  The  distance  between  the  two 
beaches  from  crest  to  crest  is  ahont  100  feet.  The  boulders  of 
which  this  beach  is  composed  do  not  on  the  average  vary  much 
from  12  inches  in  diameter.  This  second  beach  is  again  followed 
by  the  usaal  parallel  hollow  and  behind  this  rises  the  third  and 
most  imposing  beach  of  the  three.  The  crest  of  the  latter  is  200 
feet  distant  from  that  of  the  second  beaoh  and  is  38.6  feet  high 
(lY).  The  front  of  this  beach  is  not  a  simple  slope  as  is  the  case 
with  the  two  lower  beaches,  but  its  profile  shows  a  distinct  step- 
like feature  in  its  lower  part  such  as  may  be  some  times  seen  in 
clear  water  on  the  sa'bagaeone  slope  of  some  of  the  living  beaches 
of  the  lake.  The  component  boulders  of  this  beach  are  percepti- 
bly larger  than  those  of  the  lower  beaches,  the  average  diameter 
being  over  12  inches.  Many  were  measured  which  greatly  exceeded 
this  dimension.  This  beach  was  clearly  developed  as  a  bar  across 
the  bay  when  the  water  was  at  stage  IV,  for  behind  the  beaoh 
there  is  a  broad  expanse  of  marshy  ground  much  lower  than  the 
beach,  which  represents  the  lagoon  formed  by  the  establishment  of 
the  beach  bar.  At  higher  elevations  of  the  surface  of  the  water. 
Horseshoe  bay  would  have  been  merged  with  the  common  expanse 
of  the  lake  and  the  shore  carried  farther  inland  than  the  range  of 
our  observations. 
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Series  18. — Double  Bay — A  fine  display  oE  terraoe  topography, 
visible  throagb  the  burnt  and  etill  standing  timber,  meets  the  view 
on  enteriog  Doable  bay.  The  present  shore  line  is  backed  by  a 
steep  ses-oliff  vhioh  is  being  carved  oat  of  an  embankment  whioh 
is  probably  fundamentally  morainie,  althoogh  modified  in  form 
by  shore  action  of  former  high  stages  of  the  lake.  Nnmerons 
boulders  are  worked  oat  of  the  embankment  and  are  strewn  along 
the  preeeot  shore,  bat  it  is  largely  also  composed  of  clayey 
material.  Stretching  back  from  the  brink  of  this  aes-oUfl  is  a 
nearly  fiat  terrace,  whioh  is  aboat «  quarter  of  a  mile  broad,  and 
whioh  spans  the  entire  breadth  of  the  embaymeat.  The  rear  of  this 
terraoe  is  about  32  feet  above  the  lake  (lY).  Above  it  rises  a 
seoond  sea-olifF  followed  by  another  broad  terraoe  similar  to  the 
first,  having  an  altitade  at  ite rear  which  measured  85.8  feet  (VU).  ' 
This  seoond  sea-clifF  is  not  oontinaoasly  distinct.  Above  it  spreads 
oot  a  broad  sloping  plain  which  varies  in  width,  acoording  to  the 
topography  of  the  rocky  slope  whioh  here  begins  to  emerge 
through  the  saperinoambent  embankment.  Along  the  line  of 
seotion  measured,  this  terraoe  is  about  a  half  mile  wide  and  abate 
UDon  a  rocky  slope;  the  line  of  abotment  is  horizontal,,  and 
although  no  well-marked  sea-olifF  has  been  developed,  owingtothe 
resistant  character  of  the  rook,  it  may  with  great  probability  be 
taken  to  mark  approximately  a  shore  line.  Its  elevation,  as 
measored  is  160.5  feet  (XIY).  On  top  of  this  rocky  ridge  at  an 
elevation  of  278.9  feet,  and  at  a  distance  inland  of  about  a  tenth  of 
a  mile  from  the  rear  of  tbe  last  mentioned  terraoe  was  found  a 
distinct  gravel  bar  surrounding  low  rocky  knolls  and  spanning 
the  gaps  between  them.  To  the  northeastward  this  beach  appears 
to  merge  into  a  terraoe  which  abuts  upon  the  precipitons  fianks  of 
a  spur  of  Farqnhar's  Knob.  The  rear  of  this  terraoe  would  be  a 
few  feet  higher  than  tbe  figures  given  for  tbe  elevation  of  the 
gravel  bar,  but  its  precise  elevation  was  not  determined.  It 
doubtless  corresponds  to  strand  XXI. 

Senes  17. — Grand  Portage — It  was  hoped  from  a  distant  in- 
BpeotioD  of  the  top(^;raph^  of  the  pass  through  the  hills  at  Grand 
Portage,  from  its  being  fairly  free  from  timber,  and  from  its  gentle 
grade,  which  renders  the  country  accessible  for  some  miles  from 
shore  within  moderate  limits  of  elevation,  that  the  registration  of 
the  ancient  strand  lines  of  lake  Superior  woald  at  this  pUce  be 
fuller  than  osnal.  This  hope  was,  however,  not  fnlfiUed,  and  only 
a  few  of  the  strand  lines  were  satisfactorily  located  by  carrying  a 
line  of  levels  along  the  portage  trail.  From  the  nature  of  the  em- 
17  « 
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baymenti  in  the  hills  it  is  evident  at  a  glanoe  that  at  the  higher 
stages  of  the  water  Orsnd  Portage  bay  mast  have  extended  several 
miles  inland  and  have  had  a  somewhat  irregular  shore  oontoar 
with  sharp  indentations,  partioalarly  on  its  west  side.  From  the 
pteoipitons  character  of  the  blaffs  or  promontories  which  limit  the 
embayment  on  either  side  it  is  presamid  that  very  little  of  the 
general  shore  drift  foand  a  lodgment  in  the  bay,  and  whatever 
embankments  may  have  BOOamnlated  would  be  of  local  derivation. 
The  fact  that  the  general  shore  drift  did  not  find  its  way  into  the 
bay  at  the  higher  st^es  of  the  lake,  either  aroand  Mt.  Josephine 
OD  the  east  or  the  bold  precipices  which  rise  on  the  west  of  Uie 
embayment,  is  evidenced  by  the  abeenoe  of  snch  drift  on  the  wave, 
oat  terraces  which  oontoar  these  precipitous  slopes  on  either  hand, 
as  will  be  noted  later.  In  spite  of  tUs  esolnaion  of  the  general 
shore  drift,  there  is  evideaoe  that  at  probably  all  recorded  stages 
of  the  water,  the  water  was  in  the  mid^e  parts  of  the  bay  as  it  is 
now,  always  shallow,  and  that  waves,  although  very  effective  on 
the  neighboring  steep  slopes  where  the  water  was  deep,  left  oom- 
paratively  feeble  traces  of  their  action' on  the  snocesBive  shores  at 
the  head  of  the  bay.  The  conditions  which  have  favored  an  ex- 
oessive  aoonmalation  of  local  detritus  in  the  bay  and  rendered  it 
shallow  from  the  highest  stages  of  the  lake  down  to  the 
present  are,  (1)  the  presence  of  a  massive  morainic  ridge  crossing 
the  valley  about  fonr  miles  north  of  the  village,  and,  (2)  a  small 
stream  catting  throufth  it  which  has  bailt  ap  a  succession  of  slop- 
ing delta  plains,  each  of  which  has  been  cnt  through  in  turn  as  the 
level  of  the  lake  dropped.  The  higher  and  older  delta  plains 
appear  to  be  much  more  extensive  than  the  later,  and  it  is  a  possible 
oase  that  at  the  time  of  their  bailding  the  stream  flowed  from 
beneath  ice  still  lingeriqg  behind  the  moraine  in  the  upper  part 
of  the  valley.  The  highest  delta  forms  a  very  distinct  broad  plain 
which  has  been  terraced  by  the  stream,  but  which  cannot  be  dear- 
ly separated  at  its  rear  from  the  present  front  slope  of  the 
moraine.  Half  a  mile  or  more  in  front  of  the  moraine  there  pro- 
jects through  the  plain  a  rocky  glaciated 'dome  a  few  hundred  feet 
in  diameter.  The  abotment  of  tbe  plain  upon  the  steep  slopes  of 
this  island-like  mass  of  bare  rock  is  very  sharp.  An  inspection  of 
the  surface  of  the  rock,  which  is  nneven  in  detail  on  top,  warrants 
the  belief  that  it  was  not  submerged  at  the  time  of  the  formation 
of  the  plain  which  encircles  it,  and  that  it  was,  therefore,  bat  little 
above  the  level  of  the  water  which  conditioned  the  slope  of  the 
plain.  The  elevation  of  the  plain  at  this  point  was  measured  at 
339.7  feet,  which  altitude  is  placed  in  the  table  as  representing 
approximately  strand  line  XXVII. 
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A  higher  terrace  was  also  ebeerved  abattiiig  on  a  rocky  slope  at 
an  elevatioQ  of  458  feet,  bat  the  brushy  character  of  oonntry  ob- 
sonred  its  relation  to  that  jtiat  meotioned  and  it  could  not  be  deter- 
mined to  be  distinct  from  it. 

Further  down  the  valley  on  a  lower  delta  slope  are  two  low 
beach-like  ridgea,  one  at  2647  feet  (XX),  and  another  at  231.8  feet 
(XYIII),  which  appear  to  have  t>een  barriers  thrown  up  by  the 
breakers  in  a  shallow  bay  at  some  distance  from  the  shore  and 
similar  to  the  Imrrier  which  is  now  forming  in  Grand  Portage  bay. 
On  a  still  lower  delta  plain  and  much  nearer  the  lake  is  still  an- 
other low  barrier  ridge  which  has  an  elevation  of  103.5  feet  (IX). 
.  The  church  of  the  village  stands  on  a  terrace  which,  at  its  rear,  at 
the  foot  of  a  low  and  worn-down  olifF  carved  out  of  delta  material, 
is  747  feet  high  (VII).  Immediately  to  the  lakeward  side  of  the 
ohoroh  the  ground  drops  Bteeply  to  the  level  of  the  terrace  on 
which  the  village  is  bnilt  This  drop  represents  a  sea-cliff  which  ' 
is  one  of  the  most  striking  shore  featores  of  d-rand  Portage.  The 
terrace  which  extends  oat  from  its  base  is  37.9  feet  above  the  lake 
(IV).  There  is  still  a  lower  terrace  the  rear  of  which  is  abont  8,6 
feet  above  the  lake  (I).  The  present  bay  is  shallow  out  as  far  as 
Grand  Portage  island  so  that  the  waves  break  before  reaching 
shore;  and  one  of  the  results  of  thie  is  the  development  of  a  Bal>- 
aqueooe  ridge  or  barrier  parallel  with  the  shore  line.  Boats  draw- 
ing over  a  foot  of  water  may  ground  on  this  barrier,  but  between  it 
and  the  shore  the  water  is  deeper.  The  barrier  as  yet  appears  no- 
where above  the  surface  of  the  lake  and  probably  it  will  never  so 
develop  into  a  barrier  beach,  but  always  remain  sabaqneous  since 
heavy  storm  waves  necessary  for  the  .throwing  op  of  the  initial 
snbaerial  ridge  can  not  reach  this  line  on  account  of  the  lakeward 
shoal. 

Series  18.— Mount  Josephine.  The  south  side  of  Mt.  Jose- 
phine  presents  a  sncoession  of  strand  lines  most  of  which  are  ex- 
ceptionally well  de£ned.  The  mountain  is  a  ridge  about  800  feet 
high  and  consists  of  a  great  dyke  of  gabbro  or  diabase,  to  l)oth  of 
the  steep  flanks  of  which  a  selvage  of  southerly  dipping  slates  and 
quartzite  of  the  Animikie  is  still  adhering  up  to  varying  eleva- 
tions. The  extremity  of  the  ridge  juts  out  into  the  lake  as  a  sharp 
point  which  forms  the  eastern  limit  of  Grand  Portage  bay  and  is 
known  as  Hat  point.  The  most  striking  and  most  heavily  scored 
of  the  strand  lines  is  a  wave  cat  terrace  (XXX)  which  ooDtours 
the  side  of  the  ridge  at  an  elevation  of  509.5  feet  and  sweeps 
around  in  a  beaatifully  shaped  carve  where  the  ridge  abuts  upon 
the  main  mass  of  rock  from  which  it  is  a  spar.    The  timl>er  has 
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been  burnt  over  a  portioo  of  the  hillside  bo  that  the  character  of 
the  terrace,  as  a  heavily  cat  shelf,  perfectly  horizontal,  projected 
against  the  side  of  the  hill,  attracts  the  eye  from  a  long  way  off, 
and  excites  the  cariosity  of  even  the  ossaal  obseiver  as  a  pecoliai 
featare  of  the  landscape.  At  close  quarters  the  terrace  wae  foaDii 
to  he  about  100  feet  wide,  to  have  a  gentle  lakeward  slope  for  this 
distance,  and  then  to  drop  away  into  a  steep  declivity  of  the  hill- 
side. At  its  rear  rises  a  steep  cliff  which  is  partly  the  side  of  the 
great  dyke,  partly  the  indaoated  slates  adhering  to  the  dyke,  and 
partly  a  wall  of  the  dyke  rook,  farther  in  than  its  original  side 
wall,  which  hss  been  established  by  the  catting  action  at  the  level 
of  the  terrace.  The  terrace  is  strewn  with  great  blocks  which 
have  fallen  from  the  vertical  cliff,  and  at  one  place  a  considersble 
tains  has  eccnmulated  in  great  part  sinoe  the  wave-action  ceased. 
There  is  a  considerable  proportion  of  glacial  drift  over  the  lower 
flanks  of  the  ridge  and  this  seems  to  have  extended  np  to  the 
sammit  of  the  ridge  since  there  are  some  northern  erratics  strewn 
over  the  sorfaoe  of  the  terrace.  It  is  pcesible  that  the  terrace  may 
in  part,  particularly  at  its  northern  end,  be  oat  oat  of  a  morainic 
dump.  The  enmmit  of  Mt.  Josephine  is  heavily  glaciated.  A 
small  portion  of  beach  shingle  and  gravel  is  strewn  over  the  snr- 
face  of  the  terrace.  The  possibility  of  the  terrace  being  a  feature 
of  differential  degradation  was  critically  considered  on  the  ground 
but  all  the  evidence  observed  made  clearly  for  its  wave  wrought 
origin.  The  facts  that  the  strata  dip  soatherly  while  the  rear  of 
the  terrace  is  horizontal,  that  the  slope  of  the  terrace  is  oatward 
and  independent  of  the  dip,  and  that  the  terrace  character  ia  main- 
tained where  it  swings  in  the  carve  of  the  r~ — ~  away  from  the 
line  of  the  dyke,  indicate  at  once  that  its  form  and  sitaation  are 
not  conditioned  by  the  stractare  of  the  rocks.  The  terrace  is 
farther  interesting  as  yielding  to  accnrate  measurement  figures  for 
its  altitude  which  are  identical  with  those  obtained  for  the  equally 
well-defined  strand  line  (series  3)  at  Hardy's  sohoolhonse  in  Sast 
Dnluth. 

This  terrace,  although  the  most  pronounced  of  the  dents  in  the 
west  side  of  Mt  Josephine,  is  not  the  highest.  There  are  two 
higher  and  preenmably  older  terraces,  neither  of  which  is  so  ex- 
tensive along  the  hillside  nor  so  wide.  Both  of  these  are  much 
alike  in  their  general  character,  and  in  the.  measure  o£  their  ex- 
tent and  they  rise  one  above  the  other.  They  are  continuous  for 
only  a  few  hundred  yards  and  both  vary  from  about  30  to  60  feet 
in  width.  Both  are  backed  bya  sea-cliff  and  both  are  strewn  with 
blocks  of  rocks  derived  from  it   and   from   drift  accumulations. 


8TATE  QEOLOQIST.  253 

ThesA  terraceB  are  reBpeotivel;  587.2  feet  (XXXII)  and  607.3  feet 
(XXXIII)  above  the  lake.  Oue  of  them  is  a  prominent  feature  of 
the  hillside  as  a  distinct  horizontal  ehelf  visible  at  long  distance; 
the  other  is  not  so  apparent,  owing,  doabtless,  to  the  thickened 
&hrabbery.  It  is  saggested  in  explanation  of  their  short  extent, 
that  they  lie  in  a  slight  embajment  on  the  side  of  this  ridge  and 
so  somewhat  protected;  while  their  continuation  on  the  more  sal- 
ient portions  of  the  ridge  has  been  nndermined  and  cut  away  by 
the  same  wave  action  which  resnlted  in  the  devlopment  of  the 
broader  terrace  at  609  feet.  These  two  terraces  at  587  feet  and  607 
feet  are  remarkable  for  being  the  highest  strand  lines  which  have 
thns  far  been  observed  on  the  coast  of  lake  Superior. 

Lower  on  the  same  slope  of  Mt  Josephine  are  two  other  sharply 
scored  bnt  narrow  terraces  which  lie  well  within  the  anbamt  tim- 
ber and  which  are  therefore  not  apparent  at  a  distance.  The  first 
of  them  in  descending  order  is  at  an  elevation  of  313.5  feet  (XXH) 
and  the  second  at  226.1  feet  (XVIII).  Both  axe  readily  observable 
on  the  trail  which  crosses  Mt.  Josephine  from  Grand  Portage  to 
Wanswangoning  bay,  and  both  appear  to  be  cat  oat  of  the  aooam- 
olation  of  drift  which  here  mantles  the  rooky  base  of  the  ridge. 
Still  farther  down  at  the  base  of  the  hill  is  a  boulder  beach  (T) 
the  crest  of  which  is  43  feet  above  the  lake;  and  between  this  and 
the  shore  there  is  again  a  drop  in  the  general  slope  to  an  even  ter- 
race which  is  19.9  feet  (III)  high  at  its  rear,  and  which  extends 
for  leas  than  100  yards  to  the  brink  of  the  sea-cliff  of  the  present 
shore.    This  last  sea-cliff  has  a  hight  of  13  feet. 

jSertcg  19. —  Wauatoaiigtming  Say. — Wanswaugoniog  bay  is  lim- 
ited on  the  soathwest  side  by  Hat  point  and  on  the  northeast  by 
the  base  of  Pigeon  point  The  shore  along  the  side  of  Hat  point 
is  a  precipitona  cliff  withoat  a  beach  or  visible  shelf  at  its  basei 
and  the  water  is  deep.  This  line  of  high  cliff,  rising  in  places  to 
a  hight  of  800  feet,  is  continooos  aronnd  the  embayment,  but 
leaves  the  shore  line  aboat  half  way  from  the  extremity  of  the 
point  and  sweeps  round  to  the  vicinity  of  Pigeon  falls  roughly 
parallel  to  the  shore,  bat  asoslly  several  hnndred  yards  distant 
from  it  At  the  base  of  Pigeon  point  the  groand  is  tow,  and  at 
higher  stages  of  the  water  Pigeon  point  was  either  an  island  or  was 
completely  sobmeiged  so  thai  portion  of  the  sediment  of  Pigeon 
river  then  found  its  way  into  Wauswaugoning  bay.  Bat  as  Pigeon 
river  is  a  new  stream,  being  a  snocession  of  cataracts  and  stretches 
c^  still  water,  the  sediment  is  small  in  quaotity  and  very  fine  so 
that  it  supplied  practioally  no  material  which  would  remain  in  the 
Bone  of  shore  drift  on  a  wave-beaten  shore.     Its  sediments  have 
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taken  the  form  of  a  delta  at  the  bead  of  Pigeon  bay  where  pro- 
tected from  wave  aotioii.  The  Pigeon  river  is  clearly  a  very  re- 
cent drainage  and  it  seemB  probable  that  the  ancient  outlet  waa 
into  Grand  Portage  bay.  This  dearth  of  stream  detritos  has  obar- 
aoterized  the  ahorea  of  Wanswaogoning  bay  at  all  stages  of  lake 
Saperior,  there  being  no  other  stream  catting  through  or  tambling 
over  the  cliffs  which  rise  aronnd  it  In  this  respect  the  bay  presents  a 
marked  contrast  to  the  neighboring  bay  at  Qrand  Portage  with  its 
heavy  deltas.  The  contrast  between  the  two  bays  is  perhaps  best 
seen  in  the  character  of  the  strand  line  regiatrations.  The  higher 
stages  of  the  lake  were  not  strongly  registered  at  the  head  of 
Grand  Portage  bay  because  of  the  lack  of  contrast  between  the 
aabaerial  and  sabaqaeoos  slopes  of  the  delta.  At  the  head  of 
Waoswangoning  bay  the  water  line  of  the  higher  stage  was  not 
registered  at  all,  be<Minse  the  shore  was  along  the  face  of  vertical 
cliffs  of  pre-lacostrine  origin.  As  the  lake  subsided  the  water 
surface  reached  the  tains  of  the  cliffs  and  terrace  lines  were  doabt- 
less  carved.  Bat  in  the  vicinity  of  the  cliffs  the  growth  of  the 
tains  since  the  water  eabsided  has  rendered  them  nnreoognizable  ; 
and  it  is  only  when  we  come  to  oompahtively  low  etages  of  the 
lake,  where  on  the  gentler  slopes  of  the  tains,  conditions  have 
been  favorable  for  the  carrying  of  a  bar  across  the  head  of 
the  bay,  that  permanent  strand  lines  have  been  established. 
These  bars  form  two  magnificent  beach  embankments  with 
lagoon  hollow  behind  and  nndalatory  slope  in  front.  They  are 
composed  entirely  of  coarse  shingle  of  qaartzyte  and  hard 
siliceoos  slate  which  mostly  weather  red.  The  vegetation  has 
been  burnt  off  and  the  crests  are  remarkably  sharp  and  contina- 
oosly  horizontal  lines,  which  by  their  color  and  distinctness  give 
a  striking  character  to  the  landscape.  The  upper  of  these  two 
beaches  is  76.5  feet  (VII)  above  the  lake  and  the  lower  43.7  feet  (V). 
Series  20. — Near  Birch  Island. — Outside  of  WaaBwaogooing 
bay  on  the  soatb  side  of  Pigeon  point  and  about  half  a  mile  east 
of  Birch  island  there  is  a  fine  display  of  storm  beaches.  The 
material  of  which  they  are  built  is  the  detritus  of  the  reddish 
Animikie  qaartzyte  which  is  the  prevalent  rock  on  this  part  of  the 
coast  The  shore  is  well  exposed  to  southerly  winds.  The  beaches 
althoagh  well  developed  are  here  only  found  at  comparatively  low 
altitudes,  there  being  no  high  slopes  npon  which  embankments  of 
higher  stages  of  the  lake  could  be  lodged.  Three  distinct  beach 
crests  rise  one  above  the  other  all  having  the  same  general  char- 
acter. The  first  of  these  is  within  reach  of  the  waves  of  the 
present  stage  of  the  lake  and  is  possibly  the  living  storm  beach  in 
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proooM  of  grovth  or  having  attained  ita  maximam  growth.  Ita 
creat  is  sharp  and  nniformily  level  at  13.6  feet  above  still  water  (I). 
Aboat  160  feet  from  this  crest  rises  the  second  beach  eqaally  sharp 
and  distinct,  with  an  elevation  of  17.4  (II).  On  the  front  slope 
of  this  beach  is  a  subordinate  shelf-like  feature.  There  is  no  per- 
ceptible depression  in  the  150  feet  of  space  between  the  two  beach 
lines.  The  third  beach  crest  is  aboat  100  feet  behind  the  second 
and  there  is  a  slight  depression  between  the  two.  There  is  a 
depression  behind  the  third  beach,  i.e.,  between  it  and  the  rocky 
slope  upon  which  it  hea  been  banked  ap.  The  third  beach  has  an 
elevation  of  21  feet  (III).  All  three  beaches  are,  like  those  ot 
series  19,  absolntely  devoid  ot  soil  or  fine  material  of  any  kind. 
There  is  no^  blown  sand  to  obscnre  their  characters  as  perfect 
wave-boilt  emtmnkmentB  of  shingle  and  gravel  spanning  the  bay 
between  two  rooky  ridges. 

iSertes  21. — Pigeon  Point. — From  the  abandoned  ranch  at  the 
month  ot  Pigeon  river  a  trail  crosses  Pigeon  point  to  the  shore  on 
the  Bonth  side.  This  trail  is  transverse  to  the  trend  ot  the  rooks 
and  between  the  two  main  ridges  is  an  embayment  which  opens  to 
the  Bonth-east  on  the  sonth  side  of  the  point.  The  trail  in  crossing 
this  embayment  follows  the  creat  of  a  shingle  beach  which  spans 
it  The  total  length  ot  the  beach  is  something  less  than  one-eighth 
of  a  mile,  there  is  no  breach  in  it  and  behind,  it  is  a  well  defined 
lagoon  hollow.  The  crest  of  the  beach  was  fonnd  to  have  an  ele- 
vation of  75.6  feet  (VII).  On  the  front  of  the  embankment  which 
cnlmiiiates  in  this  beach  a  second  beach  has  been  developed  at  an 
altitude  of  56.6  feet  (VI).  It  is  probable  that  several  other  beaches 
lie  between  this  and  the  shore,  bnt  the  interval  is  heavily  timbered 
and  definite  resalts  are  scarcely  obtainable. 

Series  22. — Pigeon  River. — At  the  month  of  Pigeon  river,  on  the 
Canadian  side,  there  are  three  fairly  distinct  traces  of  shore  action. 
They  are  fonnd  on  the  soath  side  of  the  point  of  land  which  sep- 
arates the  canon  of  the  Pigeon  from  Pigeon  bay.  The  highest  is 
ot  the  natore  of  a  short  gravel  bar,  connecting  two  projecting  maaaes 
of  rook.  It  is  abont  one  foot  lower  in  its  middle  than  at  the  sides 
where  it  abnts  upon  the  rock.  Its  elevation  at  the  latter  place  waa 
fonnd  to  be  1343  feet  (XII).  The  fine  character  of  the  gravel 
(mostly  of  slate),  and  the  low  curvature  of  the  bar  indicates  devel- 
opment under  sheltered  conditions,  such  as  the  local  topography 
would  snggest.  On  the  lower  flanks  ot  the  hillside  are  two  distinct 
terraces,  one  at  60.8  feet  (VI)  and  another  at  18.2  feet  (III),  both 
of  which  are  probably  rather  to  be  strictly  interpreted  as  stream 
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terraces  of  the  P^^eon,  bat  beiog  at  its  moatb  and  below  rapid 
water,  they  represent  very  closely  the  stages  of  the  lake  at  which 
they  were  developed. 

'  Senea  23  — MeKellar^s  Point. — The  south  side  of  MoKetlar's 
point  near  its  extremity,  has  afforded  conditions  eminently  favora- 
ble for  the  accnmulation  of  a  series  of  shingle  beaches,  viz:  A  cove 
between  rocky  blii&,  high  sea-cliffs  on  either  side  shedding  frag- 
ments of  qaartzyte,  hard  slate  and  trap  throngb  varioas  aaccessive 
stages  of  the  lake,  and  exposure  to  the  fall  sweep  of  the  lake  from 
the  south.  The  fact  that  the  beaches  have  aocomolated  on  one 
side  of  a  narrow  ridge-like  promontory  has  insured  them  from  in- 
terseotioa  by  drainage  lines  and  tboe  they  are  remarkably  perfect 
in  form.  They  have  been  protected  also  by  forest  growths  bat  these 
have  recently  been  removed  by  fire  up  to  about  100  feet  above  the 
lake,  leaving  the  bare  red  banks  of  shingle  and  boalders.  It  is 
qnite  noticeable  in  compearing  the  different  beaches  of  the  series 
that  the  material  composing  the  higher  ones  is  coarser  than  that 
of  the  lower.  In  the  higher  beaches,  the  embankment  is  made  ap 
essentially  of  boalders  in  which  the  flattened  shingle  character  is 
comparatively  rare.  They  are  mostly  enbangolar  and  have  an 
average  diameter  of  over  six  inches  according  to  deliberate  estimate 
made  on  the  groand.  There  is  in  these  higher  beaohes  nothing 
which  might  be  termed  gravel.  In  the  lower  beaches  the  shingle- 
like  character  of  the  drift  is  pronoonced.  Some  of  the  higher 
beach  acoamolations  have  been  cat  into  by  the  wave  action  at  lower 
stages,  so  that  a  part  of  the  old  material  of  the  higher  beaches 
has  been  worked  over  in  saoeessivs  zones  of  shore  attrition.  It  is 
possible  that  the  lower  aooamulations  may  b«  mostly  composed  c^ 
material  derived  from  the  older  and  higher  accnmnlations,  and  if 
so,  the  oontrast  in  form  and  size  of  the  pebbles  would  be  oooonnted 
for.  The  same  contrast  in  the  character  of  the  beach  material  was 
observed  on  Waaawaogoning  bay  thoagh  to  a  less  marked  degree. 
The  series  of  strand  lines  on  MoKellai's  point  is  divisible  into 
three  parts.  The  highest  is  a  hoalder  beach  that  spans  the  em- 
bayment  at  an  elevation  of  137.6  feet  (XII).  Between  this  and 
the  next  beach  there  is  an  interval  of  perhaps  two  handred  yards 
in  which  no  distinct  shore  lines  were  observed.  This  beach  con- 
stitates  the  first  of  the  three  divisons  of  the  series  and  aeems  to  be 
distinct  from  those  which  follow.  At  about  100  feet  altitade  we 
oome  well  within  the  burnt  timber  and  at  the  some  time  apon  the 
second  division  of  oar  serira.  This  division  consists  of  a  oontin- 
ooas  soooeseion  of  beaches  extending  over  a  horizontal  distance  of 
aboat  300  feet.    The  actoal  figures  obtained  by  levelling  were  for 


STATE  OEOLOaiBT  267 

the  highest  of  the  Baccession  101.4  feet  {IX)  and  for  the  tovest 
82.2  feet  (YII).  Between  the  two  beaches  at  these  reepeotiTe 
elevatioaB,  there  are  three  diatiuot  intermediate  ridges,  of  wbiob 
the  middle  one  is  perhaps  the  most  pronoanced  and  has  an  elevation 
of  89.7  feet  (VIII).  The  anccesBion  seema  to  indicate,  witboat 
question,  a  gradual  recession  of  the  lake  between  st^es  IX  and 
TIL  Whether  this  gradual  reoession  continaed  foelow  VII  or  not 
cannot  be  inferred  from  the  record  of  this  series.  For,  at  a  lewer 
level  the  lake,  whether  arrived  at  by  a  gradual  sabsidenoe  or  by  a 
eadden  drop,  oooditions  of  shore  action  were  so  changed  that  in- 
stead of  wave-boilding  wsve-cntting  set  in.  This  resulted  in  the 
development  of  a  distinct  wave-cnt  terrace  and  corresponding  sea- 
cliff,  both  carved  oot  of  the  pebble  emtmnkment  The  terrace  is 
about  100  feet  wide  and  the  sea-cliff  is  26  feet  high,  and  rises  with 
as  steep  a  slope  as  it  is  possible  for  the  loose  material  of  tbe  em- 
bankment to  lie.  The  rear  of  the  terrace  was  found  to  be  48.4feet 
above  tbe  lake  and  seems  to  tepreeent  stage  Y.  This  sea-cliff  and 
the  shore  features  below  it  oonstitnte  tbe  third  division  of  our 
series  of  strand  lines.  On  the  front  part  of  this  terrace  there  has 
been  built  up  a  distinct  but  low  beach  or  barrier  ridge  which  has 
an  elevation  of  36.3  feet  (IV).  The  front  limit  of  the  terrace  is 
again  a  cliff,  almost  vertical  in  places  and  carved  out  of  shingle. 
A.t  the  base  of  the  cliff  is  a  beach  aooumulation  which  seems  to  be 
tbe  beginning  of  a  wave-built  terfaoe.  Tbe  terrace  effect  is  some- 
what marked,  although  the  embankment  is  narrow.  The  maximum 
elevation  of  tbe  embankment  at  the  foot  of  the  shingle  cliff  is  8.4 
feet  (I)  and  it  is  within  easy  range  of  storm  waves  of  the  present 
lake. 

Series  24. — Thompson  liUmd. — On  Thompson  island  there  are 
three  strand  lines  recognizable.  Two  of  them  are  shingle  beaches 
and  the  third  is  a  line  of  wave  wrought  oaves  on  the  south  side  (^ 
the  island.  The  island  is  a  long  narrow  ridge  composed  of  a 
great  trap  dyke  with  some  anbordinate  dykes  running  parallel  to 
it  and  blocks  of  horizontal  strata  lying  between  the  dykes  or  adher- 
ing to  their  sides.  The  upper  of  the  two  beaches  lies  on  tbe  sum- 
mit of  tbe  main  dyke  at  about  the  highest  point  of  the  east  end  of 
the  island.  The  altitude  of  ito  crest  is  97  feet  (IX).  The  lower 
beach  is  at  the  extreme  east  end  of  the  island.  Its  crest  was  found 
to  be  28.7  feet  above  tbe  lake  (IV).  Both  beaches  are  composed 
of  clean  shingle  and  pebbles  free  of  all  fine  material  and 
unobsoured  by  soil.  The  development  of  caves  on  the  face  of  tbe 
nearly  vertical  side  of  tbe  main  dyke  seems  to  have  been  primarily 
conditioned  by  weak  spots  in  the  rook  due  to  tbe  inclusion  of 
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masses  of  slate  in  the  trap.  The  oooarrenoe  of  a  seriee  of  them 
at  the  same  level  and  having  the  same  general  oharaoter  as  some 
smaller  caves  developed  on  the  present  shore  ean  only  be  referred 
to  shore  adtion.  The  oaves  are  widest  at  the  month  and  at  the 
bottom:  and  the  sides  oonverge  rapidly  inward  and  upward.  Thoee 
examined  were  aboat  20  to  25  feet  in  length,  and  were  about  12  to 
16  feet  high,  at  their  entrance.  The  floors  sloped  outward.  After 
oomparing  them  with  similiar  cavities  on  the  preeeot  shore  line 
a  point  was  selected  in  the  floor  of  one  of  these  oaves  as  represent* 
ing  most  probably  the  water  level,  and  it  was  found  by  messore- 
ment  to  be  45.6  feet  above  the  lake  (V). 

Seriea  25. — Shore  opposite  Fla4  Island. — The  trap  capped  oliffs 
of  hard  slaty  sandstonee  which  are  so  oharaoteristio  of  the  topog- 
raphy of  Thnnder  bay  have  at  all  stages  of  the  lake  afforded  an 
abundant  supply  of  durable  shingle,  and  the  fact  that  only  a  small 
number  of  beach  aoonmalatione  have  been  observed  on  the  talus 
slopes  of  these  oliffs  is  due  to  the  presence  of  the  timber  which 
obscures  them  from  view.  Wherever  conditions  are  favorable  on 
this  part  of  the  ooast  for  observation,  by  reason  of  fire  having  re> 
moved  the  timber,  or  by  reason  of  such  talus  slopes  being  within  a 
short  distance  of  the  present  shore,  the  beaches  are  observable. 
On  the  shore  opposite  Flat  island  there  is  a  set  of  three  beaches 
which  are  entirely  analagous  to  those  described  on  McKellar's 
point.  They  have  been  built  up  on  the  talus  which  encircles  a 
sharp  projecting  angle  in  a  line  of  vertical  escarpment.  At  the 
summit  of  the  series  is  a  great  beach  ridge  whose  normal  hight 
was  found  to  be  about  105  feet  (IX),  but  which  at  one  place  is 
somewhat  higher  and  is  irreftular  in  its  form,  as  it  the  effect  of  the 
storms  at  this  projecting  point  had  been  exceptionally  great.  This 
higher  part  has  a  maximum  hight  of  109.2  feet.  From  this  great 
beach  ridge  a  continuous  succession  cf  later  beaches  extende  down 
to  a  beach  crest  which  has  an  elevation  of  86.4  feet  (YII).  The 
intervening  l>eaches  are  sometimes  distinct  and  sometimes  run 
into  one  another.  They  seem  clearly  to  indicate,  just  as  the 
beaches  at  McKellar's  point  do,  a  gradual  recession  of  the  waters 
of  the  lake  through  this  distance,  Below  this  lower  beach  there 
is  again  as  at  MoKellor's  point,  a  precipitous,  here  nearly  vertical, 
sea-cliff  carved  out  of  the  shingle.  At  the  base  of  the  oliff  a  broad 
sloping  terrace  extends  out  to  the  present  shore.  The  rear  of  this 
terrace  at  the  base  of  the  cliff  is  found  to  have  an  elevation  of  45.3 
feet  (Y).  On  the  front  part  of  this  terrace  at  a  distance  of  150 
feet  from  the  present  shore  is  a  low  barrier  beaoh,  the  crest  of 
whioh  is  8.8  feet  above  the  lake  (I).    The  entire  series  is  well 
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bared  and  the  beaohee  above  the  sea-cliff  are  deatitote  of  all  vege- 
tation  and  boU.  The  ees-oliS  ie  remarkable  for  ita  precipitoaa, 
wall -like  character,  while  oomposed  of  loose  shingle.  There  is  bo 
oementing  material  whatever  and  the  broad  flat  character  of  the 
shingle  alone  enables  the  cliff  to  maintain  its  form. 

Series  26. — Shore  above  Carp  river. — In  the  embayment  of  the 
coast  next  above  that  into  which  Carp  river  flows,  the  oonstry  has 
been  bomt  over  partially,  revealing  some  fine  shingle  beaches  at 
the  head  of  the  embayment.  Tbeae  cannot  be  seen  from  the  shore 
bnt  may  be  viewed  io  advantage  from  a  boat  some  distance  ont  on 
the  lake.  They  are  abont  half  a  mile  inland  from  the  present 
shore.  The  embayment  within  which  they  lie  is  bonnded  by  verti- 
cal walla  of  columnar  trap  resting  on  flat  Animilde  slate,  the  two 
walls  converging  and  meeting  at  the  head  of  the  embayment  On 
the  sides  of  thie  embayment,  at  the  immediate  base  of  the  cliffs,  is 
the  remnant  of  a  terrace  which  appears  to  be  nearly  flat  and  which 
watf  foond  to  have  an  elevation  of  164.1  feet  (XIV).  The  terrace 
is  oompoeed  of  shingle  and  gravel  with  cliff  debris  mnch  less  water 
worn.  Below  this  and  spanning  the  embayment  from  oliff  to  oliff 
ia  a  great  embankment  of  shingle  the  sammit  of  which  is  a  perfect 
beaoh.  The  distance  between  the  canon  walls  along  the  line  of 
the  embankment  ia  not  more  than  a  quarter  of  a  mile.  There  is 
no  breach  whatever  in  the  embankment.  Behind  the  beach,  i.  «., 
between  it  and  the  tolas  of  the  cliffs  which  encircle  the  head  of  the 
embayment  is  a  very  pronounced  lagoon  hollow,  the  bottom  of 
which  ie  abont  ten  feet  lower  than  the  crest  line  of  the  beach.  The 
crest  of  the  beach  is  138.2  feet  above  the  lake  (XII).  Against 
the  front  slope  of  this  great  embankment  another  beach  also  of 
large  dimensions  has  been  built  at  a  lower  stage  of  the  lake.  Its 
crest  has  an  elevation  of  122.6  feet  (XI).  A  little  below  this  at  an 
elevation  of  116.8  feet  is  another,  but  feebly  developed  beaoh  which 
probably  also  indicates  a  distinct  though  short-lived  stage  of  the 
water.  The  conditions  of  the  embayment  are,  it  ia  perhaps  needless> 
to  say,  peculiarly  favorable  for  the  development  of  such  embank- 
ments. The  continaoas  line  of  cliffs,  of  which  the  embayment  is 
but  an  indentation,  would,  below  the  base  of  the  trap  cap,  shed  a 
large  amount  of  fairly  hard  but  slaty  Animikie  sandstone  for  the 
formation  of  the  shingle,  which,  traveling  along  the  shore,  from 
either  quarter,  would  beentrapped  in  the  embayment:.  The  latter 
is  in  ground-plan,  funnel-shaped,  opening  upon  the  lake  and  ex- 
posed to  northeasterly  storms. 
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Series  ^.—  Carp  river. — The  sides  of  the  osnoD.Uirongh  which 
the  overflow  of  Loch  Lomoud  finds  way  to  iske  Snperior  by  the 
shoit  saocesflion  of  rapids  known  bb  Carp  river,  contains  nameroos 
regiatrations  of  old  strands,  which  are  for  the  most  part  clearly 
defined  The  canon  is  funnel-shaped,  and  has  been  an  embayment 
at  all  the  known  stages  of  the  lake.  A  wagon  rond  ascends  the 
canon  to  the  level  of  Loch  Lomond,  a  distance  of  aboat  two  miles, 
which  renders  the  inspection  of  the  topography  of  the  canon  an 
easy  matter.  Bising  immediately  from  the  present  shore  line 
there  is  a  rolling  sacoession  of  sm^l.  ill-defined  gravel  beaches  at 
low  levels  which  were  not  regarded  as  altogether  simple  in  their 
development,  bat  probably  as  having  been  modified  by  the  stream 
which  emei^ee  at  this  point-  They  seem,  however,  to  indicate  a 
gradnal  recession  of  the  water  wilhoat  leaving  an  emphasis  at  any 
one  stage  to  suggest  its  longer  continuance  than  its  associate  stages. 
The  first  well-defined  befush  has  an  elevation  along  its  crest  of  33.6 
feet.  (lY).  This  is  followed  by  another  great  beach  of  perfect  form 
at  an  elevation  of  &2.I  feet.  (V).  Above  this  are  two  terraces 
flanking  the  soath  side  of  the  canon,  one  at  821  feet  (Til)  above 
the  lake,  and  the  other  at  106.3  feet.(lX).  Both  are  evidently  cnr> 
rent>biiilt  terraces  and  may  owe  their  origin  to  stream  action:  but 
as  their  sitoation  is  near  the  month  of  the  canon,  their  level  cor- 
responds very  closely  to  thai  of  the  lake  at  the  stages  when  they 
were  bailt,  anless  the  stream  had  a  delta  extending  far  oat  into 
the  lake,  a  feature  of  which  there  is  no  evidence  and  which  is 
highly  improbable  at  the  month  of  so  short  a  stream  arising  from 
the  overflow  of  a  clear  water  lake.  Farther  up  the  road  is  another 
great  gravel  beach  which  has  been  built  ap  on  the  gently  sloping 
snrfaoe  of  a  great  accumnlation  of  stratified  gravel  which  has  once 
filled  the  canon,  but  is  now  cat  through  by  the  stream  to  bedrock 
again.  The  crest  of  the  beach  at  the  point  leveled  was  139.8  feet 
(XII)  above  the  lake.  The  section  afforded  by  the  sides  of  the 
stream  trench  shows  gravels  to  a  thickness  of  nearly  one  hundred 
feet  and  proves  that  the  canon  as  a  feature  of  stream  erosion  ante- 
dates the  high  levels  of  the  lake.  Above  this,  on  the  north  side  of 
the  canon,  there  are  three  small  terraces,  doubtless  again  eesentially 
stream  built,  bat  also  as  argued  above,  representing  closely  levels 
of  lake  Snperior.  They  were  found  to  hare  the  following  eleva- 
tions by  our  measurement?,  viz.:  221.8  feet  (XVIII),  256.4 'feet 
(XX),  288.1  feet  XXI. 

Series  SS—Pie  Island — The  "Pie"  of  Pie  island  is  a  magnificent 
example  of  the  mesa  topography  which  is  so  oharacteristio  of 
Thunder  bay  scenery.     A  roughly  circular  area  of  columnar  trap, 
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the  remnant  of  a  once  exteneive  sheet,  lies  horizontally  npon  the 
flat  Animikie  fllatee.  The  edge  of  the  trap,  together  with  that 
portion  of  the  elate  which  intervenes  between  it  and  the  Bnmmit 
of  the  talus,  presents  Tertioal  walls  several  hundred  feet  high. 
The  top  of  the  "Pie"  is  about  850  feet  above  the  lake.  This  mesa 
was  Burronnded  by  waters  of  the  lake  at  its  higher  stages  beyond 
the  general  upper  limit  of  the  talus,  and  it  is  doubtless  encircled 
by  oorrespondtng  beaches  and  terraces  on  the  slopes  beneath  the 
timber.  There  are  strong  suggestions  of  snch  features  which 
even  the  timber  cannot  obscure.  On  the  west  side  of  the  island 
the  ground  has  been  cleared  and  cultivated,  and  here  on  Mr. 
Keeter'a  ranch  some  of  the  strand  lines  stctnd  out  clearly  and  at- 
tract the  eye  at  a  distance  of  many  miles.  There  are  three  of 
them  which  were  sufficiently  distinct  at  close  quarters  to  permit 
of  precise  location.  The  highest  of  these  is  a  broad  terrace  abut- 
ting npon  the  talus  of  the  "Fie."  It  has  the  form  of  a  great  spit, 
the  rear  of  which  is  221.6  feet  (XYIII)  above  the  lake.  It  seense 
to  be  essentially  a  current-built  structure,  and  there  is  no  wave- 
built  beach  at  its  highest  part,  the  material  of  the  terrace  being 
mostly  fine  gravel  and  broken  shale.  The  crest  or  axial  line  of 
the  spit,  however,  slopes  downward  or  lakeward  and  seems  to  have 
been  a  salient  of  the  shore  line  at  various  lower  stages,  at  which  its 
construction  was  continued,  and  upon  the  sides  of  which  true 
beaches  were  thrown  up.  The  profile,  both  along  the  axial  line  and 
transverse  to  it,  is  undulatory  while  regularly  descending.  Among 
several  somewhat  vaguely  defined  beaches  which  contour  this  com- 
plexly built  spit,  there  is  one  very  fine  shingle  beach  which  leaves 
nothing  to  be  desired  in  the  perfection  of  its  form,  its  linear  con- 
tinuity, and  its  state  of  preservation.  The  oreet  of  this  beach  was 
found  to  be  136.5  feet  (XII)  above  the  lake  by  our  levels. 

The  third  strand  line  is  a  broad  terrace  which  along  the  line  of 
our  measurement  abuts  against  a  talus  of  great  angular  blocks  of 
trap.  Here  it  has  an  elevation  of  43.5  feet  (V)  and  slopes  away 
bom  this  altitude,  without  any  marked  break,  to  the  low  cliff  above 
the  present  shore,  in  the  vicinity  of  Mr.  Eeefei's  bouse.  More 
patient  examination  of  the  talus  slopes  of  Fie  island  where  the 
timber  is  thin,  would  doubtless  reveal  many  other  strands. 

Series  S9. — SruU  Ptrt'n/.*— There  is  but  one  strand  in  this  se- 
ries, the  coast  being  comparatively  low.  It  consists  of  a  well  de- 
fined shingle  and  pebble  beach  in  a  small  bay  on  the  west  side  of 
the  point    The  crest  of  the  beach  was  found  to  be  347  feet  (IV) 
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above  the  lake.  This  beach  seems  tu  be  oorrelativd  witb  a  broad  ter- 
race which  ext«idB  far  ialand  and  vhich  oonid  sot  in  the  time 
given  to  the  inquiry  be  discriminated  from  the  plain  of  Eaminis- 
tiqoia  delta.  This  delta  has  been  developed  at  varions  saccessively 
lower  etageB  of  the  lake  and  would  reqaire  carefal  and  very  criti- 
cal examination  in  order  to  win  from  it  any  record  of  definite  and 
prolonged  stages  of  its  base  leveL  ' 

Series  SO.-Kaministiquia. — At  the  higher  Btf^^es  of  lake  Saperior 
a  large  stream  swept  down  the  valley  of  the  present  Eaministiqoia. 
At  EAministiqaia  station  on  the  Canadian  Faoifio,  this  valley  is 
constricted  by  the  approximation  of  rocky  hills  which  rise  nearly 
500  feet  above  the  level  of  the  railway  at  this  point.  Immediately 
below  the  station  the  valley  begins  to  open  out  and  oontinaee  wide 
and  open  to  lake  Superior.  This  narrow  place  in  the  valley  seems 
to  have  been  the  head  of  the  delta  plain  of  the  ancient  stream. 
There  is  a  gravel  pit  close  to  the  railway  station  which  reveals 
gravel  and  sand  in  false  bedded  attitudes.  The  pit  presents  a  sec- 
tion of  a  very  extensive  terrace  which  appears  to  be  the  remnani 
of  the  old  delta  plain.  This  terrace  adheres  to  the  east  side  ol 
the  valley,  the  river  in  cutting  its  way  down  through  it  in  parsoil 
of  its  steadily  lowering  base  level  having  olnog  to  the  west  side 
the  valley.  But  with  such  an  open  valley  it  seems  probable  thai 
the  waters  of  the  lake  which  conditioned  the  apex  of  the  delta  were 
not  far  distant  and  that  the  level  of  the  terrace  at  it^  abutment 
against  the  rocky  slopes  of  the  oaiion  indicate  approximately  the 
maximum  figures  for  an  altitude  of  one  stage  of  the  lake.  The 
level  of  the  terrace  was  fonud  to  be  455.1  feet  above  lake  Superior. 
It  is  placed  in  the  table  as  indicating  a  distinct  stage  of  the  lake 
(XXyill)  with  considerable  hesitation.  It  is  not  improbable  that 
it  shoald  more  properly  be  correlated  with  strand  line  XX VII. 

Series  Sl.^Fort  Arthur.^^ln  this  series  are  some  of  the  moat 
beaatifnl  teiraoes  which  have  been  noted  among  the  strand  lines 
of  the  north  aide  of  lake  Superior.  The  series  is  also  unique  in 
comprising  a  well  developed  "hooked  spit"  The  efFeot  of  the  ter- 
races is  strongly  accentuated  by  the  onlture  which  has  been  im- 
posed upon  them.  They  are  seen  to  best  advantage,  perhaps, 
within  the  town  limits  of  Port  Arthur,  which  is  not  yet  so  thickly 
bailt  up  as  to  obscure  their  character.  (See  PL  IX.  Fig.  1.]  The 
lowest  terrace  is  that  upon  which  the  businesB  portion  of  the  town 
is  bnilt.  Its  rear  ends  sharply  at  the  base  of  a  sea-cliff  and  was 
found  to  have  an  elevation  of  61.4  feet  (VI).  From  this  altitude 
it  slopes  gently  though  not  quite  nniformily  to  the  present  shore 
tbroogh  a  distance  in  the  heart  of  the  town  of  abont  a  quarter  of  a 
mile  or  less.  ■ 

"■ — c?l^' 
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The '  next  tairaoe  ia  tiiat  apon  which  staDds  BaTaral  of  the 
ohnrches  of  the  town,  the  oonrt  hoaae,  and  many  of  the  more  prom- 
inent residences.  It  has  a  rer;  sharp  brink  at  the  opper  limit  of 
the  sea^liff  above  referred  to  and  is  on  an  averse  less  than  half 
as  wide  as  the  terrace  below  it  Its  rear  is  also  remarkably  sharp 
in  its  abutment  apon  ite  limiting  sea-cliff.  This  sea-cliff  is  for  the 
most  part  composed  of  the  loose  material  of  an  earlier  embank- 
ment, bat  in  one  place  it  is  a  precipitoas  wall  of  rock.  The  rear 
of  this  terrace  was  foond  by  oar  levels  to  have  an  altitade  of  89.8 
feet  (YIII).  Above  this  are  two  remnants  of  hij^her  terraces,  one 
at  95.7  feet  (IX)  and  the  other  at  118.4  feet  (X),  which,  though 
narrow  and  not  so  sharply  defined  as  the  loirer  ones,  appear  as 
quite  sharp  and  distinct  lines  when  viewed  from  a  distance.  There 
is  still  another  narrow  terrace  at  148.8  feet  (XIII)  which  is  rather 
illy  defined  and  is  not  noticeable  at  a  distance. 

At  the  brink  of  the  hill  behind  the  town  a  little  to  the  south  of 
the  Dawson  road  is  a  gravel  pit  which  affords  an  admirable  section 
of  a  beach.  The  beach  crest  rans  out  from  a  shoulder  of  the  hill 
at  the  entrance  to  the  valley  of  the  Kaministiqaia.  The  beach  has 
been  a  spit  which  tended  to  continue  its  growth  in  the  direction  of 
the  shore  line  from  whence  it  received  its  mater.ial  and  so  attempt- 
ed to  span  the  valley.  Its  extremity  was,  however,  soon  swung 
around  so  as  to  point  ap  the  valley,  or  bay  as  it  was  at  the  stage  of 
the  lake.  In  this  way  the  characteristic  form  of  a  "hook"  was  de- 
veloped and  the  form  is  perfectly  preserved.  The  spit  beach  is 
somewhat  remarkable  for  the  number  of  large  boolders  which  are 
strewn  over  ite  aarfaee,  while  its  section  in  the  gravel  pit  shows  it 
to  be  chiefly  made  up  of  comparatively  fine  gravel.  The  crest  of 
the  beach,  at  a  point  close  to  the  base  of  the  spit  is  170.1  feet  above 
the  lake  (XT).  Ite  extent  indicates  a  long  continued  stage  of  the 
laka 

Series  32 — MoKenzie — From  MoKenzie  station,  about  14  miles 
east  of  Fort  Arthur  on  the  Canadian  Pacific  railway,  a  series  of 
terraces  can  be  seen  scoring  the'  hills  to  the  north  at  a  distance  of 
probably  a  little  more  than  a  mile  and  a  half  to  the  farthest  An 
effort  was  made  to  locate  these  terraces  by  running  a  line  of  levels 
from  the  railway,  but  this  only  met  with  partial  snccess.  The 
terraces  which  appeared  so  sharp  and  unequiTocal  from  the  railway 
station  lost  their  character  when  approached  closely,  and  could 
only  be  recognized  as  terraces  with  considerable  doubt  Some  of 
these  terraces,  also,  were  of  so  remarkable  a  character  that  al- 
though figures  for  their  elevations  were  obtained,  they  oonld  not 
without  more  critical  stady  be  identified  as  strand  lines  of  lake 
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Snperior.  Indeed  only  tbe  broad  sandy  terraces  immediately  to 
the  north  of  the  railway,  the  lowest  of  the  Beriea,  waa  foand  to 
posBesB  Bsffioient  of  the  character  and  definition  of  shore  topo- 
graphy to  warrant  its  being  regarded  ae  a  strand.  And  eren  here 
the  qnestion  had  to  be  carefully  considered  whether  it  was  not  a 
flood-plain  of  the  stream  whioh  traverses  it,  and  the  cliff  at  its  rear 
a  stream  cliff.  The  material  of  which  the  terrace  is  compoeed,  a 
stratified  sand,  seemed  to  indicate  that  it  was  not  a  flood-plain,  but 
the  bottom  of  a  shallow  bay  of  the  l^e,  which  the  configuration  of 
the  hills  snggests.  Sections  of  the  plain  are  well  revealed  in  the 
onttings  and  sand  pits  at  McKenzie.  This  plain  was  foand  to  be 
sosoeptible  of  rery  precise  measurement.  At  UcKenzie  station  it 
is  320.4  feet  above  the  lake,  and  at  its  rear  along  the  base  of  the 
cliffmearly  a  half  a  milediatant,  it  has  an  elevation  of  326.8  feet 
(XXIII.)  Above  this  are  two  shelf-like  portions  of  the  profile 
which  saggest  terraoes,  but  the  smallness  of  the  one  and  the  ir- 
regnlar  surface  of  the  oUier,  render  them  doubtful  as  features  due 
to  shore  action.  The  elevations  of  these  are  respectively  347  feet 
and  379  feet  above  the  lake.  Still  higher  is  a  much  more  distinct 
terrace  at  420  feet  above  the  lake,  which  would  be  interpreted  as  a 
wave-cut  terrace  were  it  not  that,  at  its  rear  part,  immediately  in 
front  of  the  cliff  which  risea  above  it,  tliere  are  several  very  re- 
markable pits  or  kettle  holes  without  apparent  drainage  outlet. 
The  kettle  holes  have  clearly  originated  after  the  development  of 
the  plain  of  the  terrace.  The  pits  were  15  feet  to  20  feet  deep, 
and  irregularly  funnel-shaped,  and  could  apparently  have  been 
formed  only  by  local  subsidence  of  the  ground.  About  40  feet 
above  this  terrace,  ascending  the  cliff  at  its  rear,  we  come  upon 
the  brink  of  a  much  more  extensive  terrace-plain  whioh  is  also 
backed  by  apparent  sea-cliffs.  The  front  of  this  terrace  haa  an 
elevation  of  460  feet,  and  its  rear  497  feet  with  a  slope  of  37  feet 
in  about  a  half  a  mile.  When  viewed  on  a  level  the  plain  presents 
a  aniform,  apparently  flat  surface.  Immediately. that  the  eye  rises 
above  it,  however,  it  is  discovered  to  be  pitted  over  its  entire  extent 
by  kettle  holes  which  are  similar  to  those  noted  on  the  plain  below, 
but  which  are  mnch  larger  and  relatively  to  the  area  much  more 
numerous.  In  many  cases  two  pits  are  so  close  together  that 
the  narrow  ridge  separating  them  is  quite  wedge- like  and  has 
frequently  broken  down.  The  pits  are  so  numerous  that  it  is  not 
practicable  to  traverse  the  plain  in  any  direction  in  a  straight  line, 
but  only  to  wind  in  and  out  on  the  narrow  remnants  of  the  original 
plain  whioh  are  left  between  the  pits.  The  sides  of  the  pits  are 
in  many  cases  as  steep  as  the  material  can  lie.     The  material  ift 


,Coo»^lc 


STATE  OEOLOOIST.  265 

mor&mio  in  charttoter  and  contaioB  uameroas  huge  boalders.  In 
some  oasee  theee  large  boalders  were  oonspieoooa  feataree  in  the 
Darroir  bottome  of  the  pits.  Here  again  the  oaly  BUggestion  that 
oonld  be  obtained  after  traverBing  the  plain  Beveral  times  waa  that 
the  pits  were  posterior  in  their  origin  to  that  of  the  plain.  Above 
this  remarkable  pitted  plain  is  another  important  terrace  also  com- 
posed of  coarse  morainio  material,  bat  not  apparently  pitted  so  far 
as  obserrations  conld  be  made.  This  terrace  is  thickly  wooded 
while  the  lower  gronnd  is  bamed  off.  On  accoant  of  the  brash  it 
coald  not  be  examined  easily,  bnt  it  appeared  to  slope  toward  the 
rooky  hillside  of  the  valley,  and  althongh  this  appearance  was  not^ 
verified,  it  soggested,  when  taken  into  connection  with  the  char- 
acter of  the  material  of  which  it  was  composed',  the  possibility 
tbat'the  featnre  was  a  true  morainic  terrace.* 

A  definite  explanation  of  the  mode  of  development  of  these 
interesting  terraces  is  not  possible  from  the  scant  stndy  which  the 
writer  was  able  to  give  them.  He  can  only  commend  them  to 
stadents  of  topographic  forms  as  an  interesting  field  for  study 
which  is  easily  accessible.  A  tentative  suggestion  may,  bow- 
ever,  be  not  out  of  place.  These  terraces  occupy  the  sides  of  a 
valley  which  was  nnqnestionably  filled  with  the  continental  ice 
sheet  As  the  front  of  the  sheet  receded  this  valley  was  very 
probably  ocoapied  by  an  ice  current  running  out  from  the  general 
body  of  the  glacier,  or  it  may  possibly  have  been  oocnpied  still 
later  by  a  local  alpine  glacier.  The  configaration  of  the  hills 
would  favor  snoh  a  possibility.  Stadents  of  the  kettle  moraine 
have  come  tc^  the  conclusion  tbat  the  kettle-holes  of  that  region 
have  been  formed  by  the  burial  of  massfts  of  ice  within  the  moraine 
which  afterward  melted  and  caoSBd  the  surface  to  collapse.  There- 
is  an  immense  accumulation  of  morainic  material  in  the  valley- 
we  are  considering.  Is  it  possible  tbat  eucb  accnmulations  con- 
tained numerous  baried  blocks  of  ioe,  which  oontinaed  frozen  ontit 
after  the  high  stages  of  the  lake  had  cat  broad  terraces  out  of  the' 
moraine?  If  the  high  stages  of  the  lake  followed  closely  npon  the 
recession  of  the  ice  front,  it  seems  not  impossible,  when  wis  con- 
sider the  low  temperature  which  lake  Superior  maintaines  even 
to  this  day. 

Series  33. — East  side  of  Thunder  Bay. — The  east  side  of  Thun- 
der bay  from  its  upper  end  to  Sawyer's  bay  presents  a  very  Imid 
and  remarkably  straight  cliff  several  hundred  feet  high  composed 
of  Keweenian  sandstone  resting  in  Animikie  slate,  both  flat  bedded 
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and  in  apparent  con&irmity.  The  cliS  is  probably  originally  and 
genetically  a  tanlt  scarp.  In  the  face  of  the  cliff  there  has  been 
out  a  dietinct  shelf  or  terrace,  the  rear  of  which,  at  the  foot  of  a 
talus  dae  largely  to  sab-aerial  degradation,  was  found  to  be  57.6 
feet  (VI)-  The  shelf  is  assumed  to  be,  in  part  at  least,  a  wave-oat 
terrace. 

A  similar  terrace  is  being  cat  at  the  present  level  of  the  lake, 
cAosing  the  receesion  of  the  lower  cliff,  bo  that  it  is  apparent  that 
the  shelf  referred  to  must  have  been  once  wider  than  it  now  ap- 
pears. 

Series  34. — Back  of  Thunder  Cape. — At  the  back  of  Thander 
cape,  on  the  south  side  of  the  entranoe  to  Sawyer's  bay,  there  has 
been  preserved  a  aeries  of  wave-out  terraces  and  sea-oliffs  which 
are  of  unusual  interest  for  the  perfection  of  their  form  and  f6r  the 
fact  that  being  situated  on  a  projecting  portion  of  the  coast  they 
are  revealed  in  uharp  and  distinct  profile  to  certain  points  of  view. 
The  profile  was  photographed  and  is  reproduced  in  plate  IX,  fig- 
ure 2,  the  view  selected  being  that  obtained  horn  the  north  side  of 
Sawyer's  bay.  All  of  these  terraces  have  been  oat  oat  of  Animikie 
elates  and  present  very  sharp  sea-cliffs  particularly  as  regards  the 
lower  members  of  the  series,  where  the  cliffs  are  nearly  vertical 
scarps  which  can  only  be  scaled  at  certain  favorable  localities. 
The  timber  has  been  burnt  so  that  their  characters  are  uoobsoared. 
The  first  four  of  these  terraces  have  a  fairly  nniform  width  which 
does  not  vary  mnoh  from  100  feet,  and  all  have  the  usual  lakeward 
elope.  The  figures  obtained  for  the  elevations  of  these,  at  the 
base  of  their  limiting  sea-cliffs,  arie  respectively  49.6  feet  (Y),  122 
feet  (XI),  170  feet  (XY)  and261.2  feet  (XX).  The  fifth  terrace  ie 
emaller  and  has  an  elevation  of  286.4  feet  (XXI).  The  sixth  ter- 
race breaks  down  in  its  front  part  into  a  brood  uneven  plain  when 
examined  closely,  but  when  viewed  from  a  distance  affords  the 
simple  profile  of  a  oontinooos  slope.  Its  altitude  is  392.3  feet 
(XXY).  Above  this  there  is  still  another  broad  terrace,  the  rear  of 
which  was  founiTtobe  at  a  point  representing  its  sharpest  features, 
482.2  feet  This  terrace  elopes,  however,  ratiieT  rapidly,  is  more 
obscured  by  timber  and  could  not  be  definitely  recognized  as  of 
'  wave-wrought  origin.  It  was  therefore  not  placed  in  the  table  al- 
though there  is  a  probability  of  its  being  a  strand  lina  At  ite  rear 
ie  a  tains  accnmalation  from  cliffs  of  trap  rook  which  rise  high 
above  it 

Series  35.— Silver  Islet.— On  the  trail  from  the  deserted  village 
at  Silver  islet  to  lake  Marie  Louise  an  interesting  series  of  beaches 
may  be  conveniently  examined.    The  series  is  chiefiy  interesting 
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for  the  gieat  namber  of  beaches  irbich  are  foand  mthin  a  very 
limited  vertioal  range.  The  orest  of  the  present  storm  beach  is 
12  feet  above  the  level  of  the  Iak&  Between  this  and  a  beach  the 
crest  of  which  is  39.3  feet  above  the  lake,  there  are  no  lees  than 
nine  dietinct  well  formed  shingle  beach  rit^e  rising  one  above 
another  on  a  gentle  slope.  The  first  two  of  these  are  somewhat 
larger  and  apparently  of  more  importance  than  the  others  and  are 
placed  in  the  table  at  stages  II  and  III,  the  elevation  of  their 
respective  crests  being  14.7  feet  and  20.6  feet  The  elevations 
obtained  for  the  crests  of  the  other  shingle  ridges  are  as  follows: 
2L4  feet,  23.2  feet,.  25.9  feet,  26.7  feet,  31  feet,  33.7  feet,  and  36.8 
feet.  If  projected  on  a  vertical  plane  these  beaohee,  eleven  in  all, 
wonld  appear  closely  crowded,  bnt  in  reality,  owing  to  the  gentle 
slope  upon  which  they  have  been  built,  they  are  spaced  horizontally 
BO  as  to  be  well  individualized  and  spread  over  several  hundred 
yards  of  gronnd  in  a  direction  transverse  to  their  trend. 

This  portion  of  the  series,  only  certain  dominant  members  of 
which  have  been  inserted  in  the  table,  dearly  indicates  a  gradoal 
recession  of  the  lake,  from  the  stage  at  which  the  39,3  feet  (IV) 
beach  was  boilt  down  to  the  present  level. 

At  this  level  the  beaches  cease  and  the  next  indication  of  a 
strand  line  is  a  terrace  at  59.2  feet  (YI)  with  a  low  and  rather 
ill-defined  cliff  at  its  rear.  The  next  is  an  isolated  beach  resting 
on  a  rooky  slope  the  crest  of  which  is  89.2  feet  (VIII)  above  the 
lake  on  the  line  of  the  traU.  In  ascending  the  trail  we  next  come 
upon  a  beach  at  136.7  feet  (XII)  which  is  the  lowest  of  a  oontinn- 
ons  succession  of  beaches  extending  for  a  distance  of  abont'600 
feet  The  highest  has  along  its  crest  an  elevation  of  149.2  feet 
(XHI).  This  saocession  of  beach  ridges  has  practically  the 
character  of  a  wave-bnilt  terrace  with  this  exception,  that  the  stage 
of  the  water  has  not  been  constant  tnit  has  been  very  slightly  lower 
for  each  snocessive  ridge  of  the  terraoe.  From  the  upper  beach 
of  this  nearly  horizontal  saocession  of  beach  ridges  there  is  another 
succession  which  rises  more  rapidly  and  which  w  fewer  in  number. 
The  upper  member  of  this  succession  is  a  beach  the  orest  of  which 
is  168.2  feet  (XV).  Here  then  we  have  evidence  of  a  gradual 
recee^on  of  the  lake  from  stage  XY  to  stage  XII  or  from  168.2  feet 
to  136.7  feet  The  beach  which  represents  stage  XY  (16a2  feet) 
is  also  the  higheet  point  of  the  trail  along  that  portion  of  it  on 
which  strand  lines  are  observaMa  In  other  words,  the  beach  is  an ' 
old  bar  beach  thrown  aerobe  the  month  of  a  channel  between  two 
portions  of  the  lake,  so  that  after  passing  over  it,  we  begin  to 
descend  over  another  succession  of  beaches.    These  present  the 
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Bsme  continuity  as  on  the  Bide  firet  approached  and  our  levelB 
showed,  that  the  rolling  profile  of  beach  ridges  crowded  together, 
continaed  from  the  crest  at  168.2  feet  to  140.8  feet.  In  this  aac- 
OBBsioD  there  is  one  prominent  beach  lai^r  than  the  rest  which 
has  an  altitude  of  161.4  feet  (XIY).  Farther  along  the  trail  there 
b  a  distinct  nearly  flat  terrace  at  the  base  of  an  esoarpment  of 
Keveeuian  rocks,  of  which  two  determinationB  of  altitude  at  points 
i  mile  apart,  are  115.9  feet  and  116  feet  (X).  Further  along  the 
face  of  the  scarp  a  small  terrace  was  found  with  an  elevation  of 
127.4  feet  (XI).  The  trail  then  passes  over  a  'remarkable  sandy 
plain  which  appears  to  have  been  once  shallow  lake  bottom.  Tbe 
plain  was  found  to  be  about  132  feet  above  the  lake  but  it  is  some- 
what ridged  in  places  and  some  sand  dunes  have  been  raised  above 
its  genera]  surface. 

Series  36. — Nipigon. — At  some  of  the  higher  stages  of  lake  Sup- 
erior, lake  Nipigon  and  the  great  lake  into  which  it  now  drains  by 
a  succession  of  rapids  must  have  hod  a  common  level.  The 
present  valley  connecting  the  two  bodies  of  water  was  always  nar- 
row and  bounded  by  precipitate  hills  of  rock,  in  which,  however, 
there  may  have  been  notches  affording  other  outlets  than  the  pres- 
ent one.  The  chtmne)  was  particularly  narrow  jost  where  it  would 
have  emerged  upon  the  open  lake,  being  from  i  to  ^  mile  wide 
according  to  the  sti^e  of  the  water.  At  one  of  these  higher  stages 
(which  one  is  not  definitely  known  but  it  was  certainly  over  20O 
feet  higher  than  the  present)  a  bar  waa  thrown  across  the  mouth 
of  the  channel  partially  or  wholly  shutting  off  the  basin  of  lake 
Helen  from  that  of  lake  Superior.  This  bar  formed  an  immenee 
beach  which  has  been  cut  through  by  the  Canadian  Pacific  railway 
just  west  of  the  bridge  over  the  Nipigon  river  and  is  used  as  a 
grave)-pit  so  that  its  structure  is  well  revealed.  This  ffteat  gravel 
beach  ie  unfortunately  covered  by  a  dense  jungle  which  renders  its 
investigation  extremely  difficult.  An  attempt  was  made  to  ascer- 
tain its  form  and  carry  a  line  of  levels  to  its  crest.  But  it  was 
soon  realized  that  it  was  far  from  simple  in  its  character  and  tbat 
no  safe  conclnsions  could  be  reached  without  giving  the  int^uiry 
much  more  time  than  was  at  our  disposal.  An  apparent  crest  was 
reached  at  an  altitude  of  198.3  feet,  but  the  impression  was  ob- 
tained that  probably  the  bar  had  been  developed  at  successive 
.stages  of  the  water  on  the  same  general  lines,  and  that  the  figures 
obtained  afforded  no  reliable  information  as  to  any  particular  long- 
continued  stage  of  the  lake.  But  while  the  strand  or  strands  to 
which  the  beach  itself  corresponds  waa  not  definitely  ascertained, 
the  elopes  of  the  embankment  afforded  an  excellent  opportunity- 
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for  the  registratioD  of  lower  stages  of  the  water.  Upon  its  slopes 
there  are  several  very  distiDot  wave  or  ourrent-out  terraces.  Some 
of  these  face  the  open  lake  and  record  aneqaivocally  a  stage  of  its 
waters;  others  face  the  chaonel  of  the  Kipigon  river  and  are  dae 
rather  to  onrreut  scoaring  and  therefore  strictly  of  the  nature  of 
stream  terraces;  bat  being  in  immediate  vicinity  of  the  lake  with 
DO  drop  in  Bortace  of  the  water  in  the  short  distance  which  inter- 
vened, they  represent  also  stages  of  the  lake,  the  figores  being  a 
little  amaller  than  the  oorrespondiiig  wave-cat  terraces  would  give. 

The  highest  of  these  flanking  terraces  is  a  broad  forest  covered 
plain  which  in  the  vicinity  of  the  beach  embankment,  bnt  not  at 
the  rear  of  the  terrace,  has  an  elevation  of  1S1.7  feet  (XII).  The 
great  breadth  of  this  terrace,  its  flatness,  and  the  fine  sandy  ma- 
terial of  which  it  is  chiefly  composed,  indicate  that  it  is  not  a  com- 
mon shore  wave  cut  or  wave  bailt  terrace.  It  is  a  plain  of  deposi- 
tion probably  of  the  character  of  a  delta,  and  yet  it  probably 
represents  very  closely  a  level  of  the  lake.  A  tew  hnndred  yards 
behind  Nipigon  railway  station  the  front  of  this  broaii  terrace  drops 
abruptly  in  thetform  of  a  sea-cliff  at  the  base  of  which  a  sharp  bat 
narrow  wave-cot  terrace  having  an  elevation  of  89.8  feet  {VIII). 
This  terrace  is  traceable  aronnd  the  face  of  the  great  bar-beach 
tp  the  vicinity  of  the  Kipigon  bridge.'  Another  determination  of 
its  elevation  obtained  at  thia  place  gave  the  figares  89.9  feet.  This 
narrow  terrace  in  tarn  drops  in  a  low  sea-cliff  to  the  terrace  flat  on 
which  the  railway  depot  stands  and  over  which  the  track  is  laid. 
At  its  rear  it  has  an  elevation  of  82.2  feet  (VII). 

Crossing  the  railway  track  and  descending  the  wagon  road  to 
the  Hudson  Bay  Go's,  port,  we  cross  three  out  terraces  having  re- 
spectively the  elevations  61.3  feet  (VI),'28.4  feet  (IV),  and  13  feet 
(II).  In  addition  to  these  there  is  a  well  marked  terrace  C|it  out 
of  the  slope  of  the  great  bar-beach  on  the  lake  Helen  side  of  the 
railway  bridge.    This  has  an  elevation  of  58.3  feet  (V). 

Sertea  37 — Mazokamah — About  half  a  mile  soatheast  of  the 
month  of  the  Mazokamah  a  high  blnffof  the  Archsean  jats  oat  into 
the  lake.  On  the  streamward  flank  of  this  blnff  there  has  been 
revealed  by  a  recent  forest  fire,  a  series  of  remarkably  sharp,  step- 
like terraces  overlooking  Nipigon  bay.  .  The  terraces,  like  so 
many  others  on  this  coast,  are  not  cat  into  the  rock,  bat  into  an 
earlier-formed  embankment  which  lies  imposed  upon  the  rocky 
slopes.  At  the  eommit  of  the  embankment  is  a  great  shingle 
beach  bar  at  an  elevation  of  360.6  feet  (XXIV)  with  a  lagoon 
hollow  behind  it.  The  origin  of  this  primary  embankment  is  sug- 
gested by  its  proximity  to  the  canon  from  which  Mazokamah  river 
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isBaes.  It  Beems  origioBlly  to  have  beeu  an  immense  embankment 
which  oocumnlated  at  the  highest  stage  of  the  lake  registered  hj 
the  bar  referred  to.  The  conditions  of  coastal  topography  at  this 
high  stage  of  the  water  farored  snob  a  local  acoamaUtion.  The 
stream  sapptied  the  boulders,  shingle  and  gravel.  The  storms  dis- 
tribnted  them  now  on  this  side  of  the  river's  discharge  and  now  on 
that.  The  portion  which  was  cast  to  the  eastward  ooold  not  easily 
reoroBs  the  moath  of  the  oaE^OQ.  Its  tendency  to  move  as  shore 
drift  far  from  the  point  of  dis- 
iSeaeA  ^^^'^S^  ^^^  effectually  checked 
)  '•*«)%  by  the  deep  water  off  the  jatting 
shoolder  of  the  bluff.  It  was, 
therefore,  confined  within  an 
open-moathed  bay  of  smaller 
extent,  and  as  it  accamalated, 
mantled  the  rooky  slope  down 
into  hnndrede  of  feet  of  water. 
It  is  oat  of  this  embankment 
that  varioas  later  stages  of  the 
lake  have  wrongbt  sncoessive 
terraces,  and  at  the  same  time 
added  to  its  lower  slopes.  The 
terraces  are  gsnerally  uniform 
in  character,  the  widest  being 
aboat  120  feet  and  the  narrow- 
est aboat  26  feet,  and  all  are 
eqoally  sharp.  The  aea-olift 
which  rises  from  the  rear  of  each 
terrace  and  extends  to  the  brink 
of  the  next  higher  in  the  series 
is,  with  one  exception,  of  the 
same  character  in  all  cases,  and 
is  a  straight  slope  having  a  de- 
clivity somewhat  less  apparently^ 
thab  the  ordinary  angle  of  re- 
pose of  SDch  material,  being 
probably  about  24  degrees.  The 
exception  is  the  cliff  between 
(XVI)  193.1  feet  and  (XVU) 
214.5  feet,  which  is  a  rather  un> 
even  slope  with  a  mnoh  gentler 
declivity  The  terraces  have  thus 
the  character  of  the  wave-cut  type,  bat  while  this  is  their 
essential    character  it  is  very  probable  that  at  each  stage  of 
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the  water  the  M&zokomah  rirer  continued  to  add  fraeh 
sapplies  to  the  shore  drifts  bo  thst  they  are  id  part  also  of  the 
character  of  Gilbert's  "cat  and  bnild"  terrace.  The  new  aoces- 
sioDS  at  each  stage  being  of  the  same  eharaoter  of  material  as  the 
embankmeDt  in  which  the  cat  was  being  made,  it  is  difficult  to  dia- 
tinguiah  between  the  oat  shelf  and  its  added  exteuBion.  The  ver- 
tioal  distribation  of  the  terrace  at  this  locality  is  shown  in  the  ac- 
companying diagram.  Fig.  11. 
Series  38. — Simpson  Island. — The  terraces  of  the  north  side  of 
Simpson  island  are  like  those  at 
Mazok&mah  of  the  wave-oat  type. 
They  have  about  the  same  lake- 
ward  slope  and  have  similar  bat 
steeper  cliffs  rising  from  their 
rears.  They  present  a  decided  ' 
oontraet,  however,  to  those  on 
the  opposite  side  of  the  bay  at 
Mazokamah  in  the  paucity  of 
loose  material  which  they  ex- 
hibit. The  terraces  being  formed 
on  the  side  of  an  island  there 
was  no  contribution  of  stream 
and  gravel  and  the  shore  drift 
arising  from  the  waste  of  cliffs 
was  small  in  amount.  The  ter- 
races are  essentially  out  oat  of 
the  rock  of  the  island  and  the 
vigor  with  which  the  catting 
proceeded  is  ebown  in  the  steep 
and  in  some  oaees  nearly  vertical 
declivity  of  the  sea-cliffs  behind 
them.  The  rock  is  a  sandstone, 
rather  friable  in  places,  with  a 
distinct  bedding  and  eontherly 
dip  at  low  angles.  It  is  protected 
above  by  a  heavy  trap  cap.  These 
characters  have  favored  the  cat- 
ting of  the  terraces  and  the  cliffs 
remain  much  as  the  shore  action 
left  them,  having  shed  bnt  a 
small  amonnt  of  talus  since  the  cutting  ceased.  The  fact  that  the 
strata  dip  soath  while  the  cliffs  face  the  north  precludes  the  pos- 
sibility  of  an  unmodified  shelf  of  rock  having  been  mistaken  tor  a 
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terraoe.  The  ground  has  been  well  barnt  of  its  timber  and  the 
terrace  slopes  are  well  defined.  There  is  some  sandstone  and  ehale- 
shingle  and  trap  pebbles  of  local  derivation,  bat  these  are  more 
abnndant  on  the  lower  than  on  the  upper  terraces  so  far  as  the  veg- 
etation  will  permit  of  observation.  The  width  of  the  terraces 
varies  from  about  25  to  300  feet.  The  highest  terrraoe  is  254.6 
feet  above  the  lake,  and  at  its  rear  rises  a  precipice  upon  which  the 
higher  levels  have  not  been  registered,  or  if  bo,  saoh  registration  has 
been  obliterated  by  the  nndermining  action  of  the  Grand  Portage 
stage  (XX)  of  the  lake. 

Series  39. — Winsttm's — At  Winston's  siding  half  way  between 
BoBsport  and  Sohieiber  is  a  heavy  bat  quite  local  aocamulation  of 
coarse  delta  material  which  has  been  opened  as  a  gravel  pit  The 
material  has  been  supplied  by  a  smstll  stream  which  has  prob- 
ably traversed  a  moraine,  as  the  material  is  very  heterogeneous. 
The  embankment  appears  to  be  essentially  of  the  character  of 
delta,  spreading  out  fan-shaped  from  the  mouth  of  a  little  canon, 
but  much  modified  by  wave  action.  Ita  upper  surface  in  the 
vicinity  of  the  pit  was  found  to  have  an  elevation  of  210  feet 
(XYII?)  The  surface  is  here  gently  sloping  and  the  marimum 
bight  was  not  obtained.  The  general  nature  of  the  embankment 
was  not  realized  when  first  examined  and  its  altitude  measured, 
and  it  was  only  later  when  viewed  at  a  distance  from  the  lake  that 
its  delta  character  became  apparent 

Series  40. — Schreiber — The  railway  shops  at  Schreiber,  a  divi- 
sional point  of  the  Canadian  Pacific  railway,  and  the  small  town 
which  is  growing  op  aroand  them,  occupy  a  perfectly  level  piece 
of  land  lees  than  a  square  mile  in  extent  in  a  region  where  such 
level  tracts  are  exceedingly  "few  and  far  between."  This  flat  is 
rndely  triangular  in  shape,  one  side  facing  lake  Superior,  the 
shore  cf  which  is  two  miles  distant.  On  the  other  two  sides  it  is 
bounded  by  bore  or  scantily  wooded  rooky  hills  which  rise  irregu- 
larly to  elevations  of  a  few  hundred  feet  within  sight  of  the  rail- 
way station.  On  the  northwest  side  of  the  fiat  where  it  abuts  upon 
the  rocky  slopes,  a  small  rapid  stream  from  the  north  has  cat  a 
deep  sharp  gorge  down  to  bedrock  showing  a  thickness  of  detritus 
which  varies  according  to  the  aneven  character  of  the  rocky  floor, 
but  which  probably  averages  over  100  feet  The  rocky  ridges 
which  bound  the  two  sides  of  the  fiat  continue  lakeward  as  bold 
promontories  so  that  the  flat  occupies  an  embayment  in  the  hills. 
The  lakeward  boundary  of  the  flat  is  a  beautifully  defined  beach 
bar  which  extends  across  the  embayment  from  ridge  to  ridge  save 
where  it  has  been  cat  through  by  the  stream.     The  ground  has 
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been  cleared  of  the  heavy  jnngle  by  fire 
and  the  oharacters  of  the  beaoh  bar  ore 
not  disg;nised  by  the  thin  veil  of  nev 
growth.  The  creat  of  this  bar  has  an 
altitaiie  of  391  feet  above  the  lake,  and 
on  its  front  it  descends  rapidly  lake- 
ward  till  it  reaches  the  uneven  rooky 
alope  apon  which  it  is  imposed.  The 
flat  behind  it  is  a  fiJled-in  lagoon  having 
a  aniform  elevation  of  abont  three  or 
(oar  feet  below  the  crest  of  the  beaoh 
bar.  The  history  of  the  development 
of  the  topographioal  features  thns  de- 
scribed cannot  be  stated  in  detail  from 
the  brief  study  given  to  it,  bat  broadly  it 
appears  to  be  as  follows:  At  the  higher 
stagesof  the  lake  the  stieam  coming  from 
the  hills  at  the  apex  of  the  old  embay- 
ment  damped  its  sediment  and  gravel 
into  the  then  bay.  All  .but  the  grave' 
[  of  the  sediment  was  retained  within  the 
i  bay  owing  to  the  deep  water  off  its 
limiting  promontories,  and  formed  a 
heavy  embankment  at  the  bottom  of  the 
bay.  As  this  embankment  extended 
lakeward  the  point  of  discharge  of  the 
stream  was  apparently  carried  suffi- 
ciently far  lakeward  to  come  within  the 
inflaenoe  of  the  waves  and  ourrents  of 
westerly  and  southwesterly  storms,  ao 
that  a  spit  was  developed  running 
easterly,  which  eventually  spanned  the 
bay  and  became  a  bar.  The  choking  of 
the  first  channel  of  the  stream  and  the 
filling  in  to  a  uniform  level  of  the  in- 
closed lagoon  would  naturally  follow. 

Other  lower  beaches  or  terraces  may 
possibly  be  found  between  this  beach 
bar  and  the  present  shore  line,  but  on 
the  trail  followed  by  the  writer  none 
were  clearly  recognized,  the  country 
being  rough  and  difficult  of  inspection. 
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iSeries  41, — Terrace  bay. — Terrace  bay  has  long  been  noted  for 
itB  terraoeB  and  their  oharaoter,  aa  ancient  strands  of  lake  Superior 
were  reoognized  as  early  as  1847,* 

The  embayme&t  ooonpied 
by  Terrace  bay  is  mdely 
horseBhoe-shaped  and  the 
hills  rise  steeply  above  the 
bay  in  a  eaocession  of  great 
terrace  steps,  like  a  magni- 
fifient  amphitheatre.  These 
terraces  are  ideal  in  their 
perfection  of  form,  free  of 
timber  for  the  most  part,  and 
as  eharp  in  their  profile  ae 
if  they  had  been  oonstmoted 
of  masonry.  The  embayment 
seems  to  have  been  originally 
ooonpied  by  an  immense  em- 
bankment; whiob  spanned  the 
valley,  the  abnndance  of  the 
material  being  dne  doubtless^ 
to  the  proximity  of  the  early  £ 
representative  of  the  Black 
river,  which  now  enters  lake 
Superior  a  little  to  the  east 
of  Terrace  bay.  The  top  of 
thia  embankment  is  a  broad 
well-rounded  beach,  the  creet 
of  which  ie  892.2  feet  (XXY) 
above  the  lake.  It  evidently 
was  a  bar  beach  which  separ- 
ated a  deep  lagoon  from  the 
open  lake.  It  is  on  the  front 
of  this  embankment  that  the 
terraces  have  been  con- 
strncted. 

The  material  of  the  em- 
bankment is  Tmoonsolidated 
gravel  andpebbles,  end  the 
cliffs  at  the  rear  of  each  terrace  have  the  angle  of  repose 
of  aach  material,  viz.,  uniformly  34'  by  measorement.  The 
width  of  the  terrace  varies  from  1,000  feet  to  50  feet.      The  series 
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is  50  simple  in  its  gendral  charaoter.  that  do  farther  desoription  is 
necessary.  A.  profile  plotted  from  measorementa  is  given,  which 
it  is  hoped,  will  afford  some  idea  of  the  diBtiactness  of  the  teiraoes. 
The  elevatioiiB  obtained  for  the  rear  part  of  the  different  terraces 
are  as  follows:  96.3  feet  (IX), 228.4  feet  (XVIII),  242.7 feet  {XIX), 
317.9  feet  (XXII),  871.5  feet  (XXIV).  The  impression  which  an 
inspection  of  the  series  gives  is  that,  having  been  developed  at 
different  and  distinct  stages  of  the  water,  the  snbsidenoe  of  the 
lake  most  have  been  by  great  leaps  from  the  level  of  one  terrace 
to  that  of  the  next  below.  This  notion  is,  however,  at  once  cor- 
rected, when  it  is  remembered  that  the  development  of  one  terrace 
may  involve  the  destractioD  of  many  or  all  of  the  earlier  formed 
terraces  or  benches.  The  number  of  the  terraces  is,  therefore,  uo'', 
indicatioQ  whatever  of  the  nnmber  of  distinct  and  long-continned  i'< 
stages  of  the  lata  These  terraoes  are  essentially  wave-cut  ter< 
races,  bat  as  the  sapply  of  material  for  constrnction  doubtless  con- 
tinaed  at  all  stages,  to  some  extent  at  least,  they  may  in  part  be 
oarreot-bailt  terraces.  And  as  the  material  from  the  cliffs  in  pro- 
cess of  reoeseioD  woald  be  the  same  as  the  shore  drift  supplied  by 
neighboring  streams,  there  wonld  be  no  observable  difference  be- 
tween the  portion  of  the  terrace  which  is  cnt  and  that  which  is 
added  to  it,  and  there  would  be  no  break  in  the  profile. 

Series  42.~-Jackfiah  Bay. — On  the  east  side  of  Jackfish  bay, 
jnst  south  of  Jackfish  station  on  the  Canadian  Pacific  railway, 
there  is  an  embayment  in  the  hills  which  is  now  spanned  by  a  rail- 
way embankment,  which,  at  its  highest  part,  is  about  85  feet  above 
the  lake.  The  npper  part  of  this  embayment  was.  at  the  highest 
stage  of  the  lake  of  which  there  is  here  a  record,  the  seat  of  the 
accnmulation  of  an  immense  embankment.  Th6  surface  of  the 
embankment  is  apparently  fiat  and  no  rise  could  be  detected  with 
the  spirit  level  for  a  distance  of  an  eighth  of  a  mile.  It  passes 
under  the  timber  and  its  full  extent  was  not  determined.  It  ap- 
pears to  be  a  delta  plain  of  a  drainage  system  which  found  other 
outlets  as  the  waters  of  the  }ake  fell  to  lower  stages.  The  eleva- 
tion of  this  delta  plain  was  found  to  be  418.3  feet.  (XXVI )  On 
the  front  steep  stope  of  the  delta  there  have  been  carved  two  very 
distinct  terraces,  both  with  well-defined  steeply  aToping  sea-oliffs 
remarkably  uniform  and  intact.  The  first  of  these  in  descending 
order  is  abont  100  feet  wide  and  at  the  base  of  its  sea-cliff  has  an 
altitude  of  391.3  feet  (XXV).  The  second  terrace  is  smaller  bat 
no  leas  distinct.  Its  elevation  is  367.2  feet  (XXIY).  Below  the 
front  of  this  terrace  the  profile  of  the  surface  changes  from  the 
step-like  ohavacter  given  to  it  by  the  t«rraoee  to  s  gentle  slope  ex- 
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tending  to  the  present  shore  aboat  a  mile  distant.  On  this  slope, 
on  which  the  underlying  rock  may  in  places  be  seen  protrading,  a 
great  many  shingle  and  gravel  beaches  have  been  thrown  np  at 
different  stages  of  the  lake;  and  ,we  have  here  perhaps  tbe  fullest 
repiesentatioQ  of  the  anojent  strand  lines  of  the  lake  that  is  to  be 
found  anywhere  on  this  coast. 

The  first  five  of  these  beaches  are  distinct  from  one  another 
being  well  spaced  both  Tertically  acd  horizontally.  Their  individ- 
uality is  no  less  marked  than  their  general  perfection  of  form,  aize, 
and  oontinaity.  They  are  concave  lakeward  and  usually  have  a 
distinct  depression  behind  them,  The  country  has  been  burnt  and 
they  are  easy  of  access  for  purposes  of  examination. 

The  figures  obtained  by  onr  leveling  for  the  crests  of  these  five 
beaches  is  as  follows:  317.2  feet  (XSII), 259.2  feet  (XX),  237.9 
feet  (XIX),  228.5  feet  (XVIII),  and  175.6  feet  (XV).  About  6 
feet  above  the  last  (XV)  there  ie  a  beach-like  ridge  which  may 
also  be  indicative  of  a  distinct  stage  of  the  water,  but  was  thought 
to  be  a  feature  of  practically  the  same  shore  as  that  at  which  beach 
XV  was  developed.  On  the  lower  slope  of  beach  XV  there  is  a 
narrow  terrace  wfaioh  appears  to  be  cut  into  the  higher  embank- 
ment at  an  elevation  of  157.9  feet  (XIII).  The  ground  ie  some- 
what obscure  at  this  place  and  the  fact  that  it  was  really  a  out 
terrace  and  not  the  incipient  form  of  a  wave-built  terrace  was  not 
clearly  established.  Continuing  down  the  slope  there  are  well 
defined  and  distinctly  spaced  beaches  at  elevations  for  which  we 
obtained  the  following  figures,  viz:  135.9  fe»tt  (XII.),  127.7  feet 
(XI  an  exceptionally  large  beach),  and  119.5  feet  (X> 

These  are  followed  by  a  continuous  succession  of  rolling  beaches, 
the  highest  of  which  has  an  elevation  of  110.1  feet  and  the  lowest 
84.9  feet;  of  this  succession  the  most  prominent  are  the  last  men- 
tioned and  one  at  102.9  feet  which  are  placed  in  the  table  as  strand 
lines  (VII)  and  (IX);  between  these  two  for  a  distance  of  1200 
yards  one  beach  follows  another  closely.  An  inspection  of  the 
ground  leaves  little  doubt  in  the  mind  of  the  observer  but  that 
there  was  a  gradual  and  comparatively  regular  recession  of  the 
waters  of  the  lake  from  the  stage  corresponding  to  the  110.1  foot 
beach  to  that  at  which  the  84.9  foot  beach  was  formed.  On  tbe 
lakeward  side  of  the  railway  embankment  we  find  another  rolling 
succession  of  beaches,  the  figures  for  the  crests  of  which  are  as 
follows:  67.1  feet  (VI),  53.8  feet,  51  feet  and  46.2  feet  (V). 
These  follow  one  another  closely  and  again  indicate  a  lowering  of 
the  water  by  easy  stages.  Separated  from  these  by  an  interval  are 
two  lower  beaches  quite  distinct  from  each  other.      The  first  is  an 
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smbankmeDt  of  great  size  all  33.5  feet  (IV);  aod  the  eeoond  is  less 
prominent  and  has  an  eleration  of  19.2  feet  (III).  The  lowest 
record  is  that  of  a  email  vave-built  terraoe  9.8  feet  high,  the  prod- 
uct of  the  waves  of  the  present  stage  of  the  lake  and  which  is  an  ' 
abandoned  terrace  only  as  regards  its  rear  portion.  Its  front  is 
still  growing.  It  is  a  significant  fact  that  the  only  horrizontal 
wave-built  terrace  in  this  very  fall  record  of  shore  lines  is  that  of 
the  present  strand  and  saggeets  that  the  present  stage  has  been 
perhaps  the  most  endaring  of  the  many  through  which  the  lake 
has  passed.  Where  conditions  for  the  development  of  shingle  and  ' 
gravel  beaches  have  been  so  favorable,  it  is  remarkable  that  no 
single  stage  of  the  lake  should  have  lasted  long  enough  for  the 
fionstraction  of  the  cbaracteristioBlly  rigid  wave-bnilt  terraces 
which  are  seen  at  some  places  along  the  present  shore. 

Series  iS— Three  miles  east  of  Jackfish. — Just  around  the  rooky 
point  which  definee  the  limit  of  Jackfish  bay  and  about  three  miles 
or  less  from  Jackfish  station  may  be  seen  another  fine  series  of 
strand  lines  which  present  a  strong  contrast  to  those  last  described. 
We  have  seen  that  in  series  42  the  conditions  of  the  embayment 
favored  the  growth  of  beaches  and  that  with  the  exception  of  two 
terraces  near  the  top  of  the  series  there  are  practically  no  well 
defined  wave-out  terraces.  In  series  43  just  around  a  jutting  ridge 
of  rock  which  separates  the  two  embsyments,  wq  have  a  fairly  full 
series  of  strand  lines  in  which  there  is  not  a  single  beach,  the 
whole  series  being  composed  of  terraces.  The  embankment  in 
which  they  are  out  is  sn  extensive  one  in  which  a  large  grsvet  pit 
has  been  opened  for  the  railway.  Its  upper  surface  is  quite  fiat, 
so  far  as  could  be  observed  and  its  entire  extent  was  not  investi- 
gated. It  appears  in  places  to  abut  sharply  against  projecting 
portions  of  the  rocky  ridge.  It  appears  to  be  analogous  to  the 
embankment  at  the  head  of  the  Jackfish  embayment  of  series  42. 
Its  elevation  is  212.9  feet  (XTIl).  The  front  of  this  terrace  is 
limited  by  the  sea-cliff  of  a  lower  terrace  which  has  an  elevation 
of  174.5  feet  (XV).  This  terrace  is  very  narrow  owing  to  the  re- 
oession  of  the  sea-cliff  of  the  next  lower  terrace  which  is  that  npou 
which  the  railway  track  lies.  This  has  a  maximum  elevation  of 
111  feet,  but  the  precise  rear  of  the  terrace  is  not  susceptible  of 
exact  determination,  and  this  figure  (111  feet)  was  considered  in 
the  field  several  feet  too  high  for  what  is  probably  the  true  rear  of 
the  terrace.  Below  this  are  four  well  defined  cut  terraces  having 
the  following  altitudes,  viz:  59.2  feet  (VI),  47.3  feet  (V),  40  feet 
(IV)  and  16  feet  (III).    Below  this  is  a  great  beach  which  appears 
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to  be  yet  within  reach  of  exceptional  storms  although  ita  ereat  is 
13.3  feet  high.  By  an  error  it  appears  in  the  table  as  strand 
linelL 

Series  44. — Dog  River. — To  the  east  of  the  Dog  river  we  have 
a  set  of  eondilions  somewhat  analogons  to  those  at  Terraoe  bay. 
At  a  very  early  date  Dog  river  was  a  sooroe  qI  snpply  tor  a  great 
miiss  of  shore  drift.  The  prerailing  storms  have  thrown  it  all  to 
the  east  aide  of  the  river,  where  at  a  high  level  of  the  lake  it  ao- 
onmnlated  in  a  great  embankment  On  the  snmmit  of  this  em- 
bankment at  a  point  abont  three  miles  east  of  the  moath  of  Dog 
river,  a  beach  was  thrown  up  which  separated  a  shallow  lagoon 
from  the  open  lake.  Below  this  beach  on  the  front  of  the  em- 
bankment there  have  been  cat  nnmerons  terraces  which  are  well 
preserved  and  perfect  in  form.  The  crest  of  the  summit  beach  is 
323.4  feet  (XXIII).  The  following  elevations  were  obtained  for 
the  rear  part  of  the  various  terraces  in  descending  order:  314.7 
feet  (XXII),  255.4  feet  (XX),  215.6  feet  (XTII),  100.7  feet  (IX), 
39.7  feet  (IT),  16.5  feet  (III).  A  very  interesting  feature  of  this 
series  ie  that  the  actual  process  of  their  development  may  be  ob- 
served in  progress  at  the  present  shore.  The  cliffs  are  there 
actively  receding  and  have  a  declivity  which  is  the  angle  of  repose 
of  the  gravel  and  sand  of  which  the  primary  embankment  is  com- 
posed. The  recession  has  gone  so  far  that  for  a  considerable  dis- 
tance the  16.5  fodt  terrace  has  been  entirely  obliterated  save  at 
points  where  it  is  protected  from  undermining  by  a  projecting 
basement  of  hard  rock.  A  broad  sub-aqueoiis  terrace  of  very 
gentle  slope  is  being  formed  and  the  waves  which  traverse  this 
shallow  shelf  being  feeble  at  the  shore  line,  the  rear  of  the  terrace 
where  it  abuts  upon  its  sea  cliff  is  precisely  the  level  of  the  lake. 

Series  45. — Sand  River.— On  the  south  side  of  the  Sand  river 
about  a  quarter  of  a  mile  from  its  month  are  two  terraces  the  lower 
of  which  is  vary  distinct  while  the  upper  is  somewhat  indefinite 
and  hard  to  recognize  on  account  of  large  numbers  of  huge  boulders 
which  camber  it.  The  terraces  are  composed  mostly  of  boulders 
and  large  pebbles  brought  down  by  the  stream.  They  flank  the 
rocky  walls  of  the  canon  in  which  the  stream  flows,  but  their  posi- 
tion is  clearly  conditioned  by  a  former  level  of  the  lake,  the  stream 
having  cut  through  them  as  the  lake  subsided.  The  levels  obtained 
for  these  terraces  are  76.2  feet  (VII)  and  118  feet  (X). 

Series  46.— Montreal  River— The  Montreal  river  in  its  lower 
stretch  is  a  torrent  rushing  through  a  very  narrow,  high-walled 
canon  whose  form  is  due  to  structuial  planes  in  the  granite  of  the 
country.     This  torrent  has  brought  down  to  the  lake   a   large 
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amoant  of  very  ooBrse  material  whioh  haa  been  dumped  at  the 
month  of  the  canon  and  spread  out  in  the  form  of  a  delta.  The 
anrfaoe  material  of  the  delta  oonsiste  chiefly  of  large  bonldera  and 
angular  blocks  whose  aTerage  diameter  is  perhaps  three  feet  at  the 
moath  of  the  canon,  with  massea  of  lees  size  down  to  cobble  atoDea 
farther  lakeward.  The  finer  grarel  has  been  carried  to  the  outer 
edge  of  the  delta  and  there  thrown  up  into  a  munificent  beach 
through  which  the  stream  maintains  a  narrow  passage  to  the  lake. 
This  fine  bar  has  its  oonuterpart  for  an  older  phase  of  the  stream 
at  an  elevation  of  211.3  feet  (XVTT)  less  than  half  a  mile  ap  the 
oanon  and  above  the  edge  of  its  more  precipitous  part.  The  bar 
has  the  form  of  a  great  beach  extending  across  the  valley  and 
although  covered  with  timber  is  easily  recognized  by  its  form  and 
by  the  material  of  which  it  is  built.  This  bar  beach  forms  the 
creet  of  a  great  embankment  probably  much  the  same  in  character 
as  that  aocnmalatiDg  at  the  mouth  of  the  present  stream.  On  the 
front  slope  of  this  embanlcment  there  have  been  developed  four 
sharply  marked  terraces.  The  upper  two  of  these  have  elevatious 
of  134.8  fe6t(XII)  and  78.7  feet(VII),  respectively,  the  first  being 
over  100  feet  wide  and  the  second  not  more  than  25  feet  Both  ap- 
pear to  be  essentiaUy  wave-cut  terraces  and  have  seo-oliffs  as  steep 
as  the  material  of  which  the  primary  embankment  is  composed 
will  lie.  The  lower  two  terraces  have  elevations  of  61.9  feet  (VI) 
and  45.2  feet  (V)  and  are  the  surfaces  of  former  deltas  which  have 
been  eat  through  by  the  lowering  of  the  base  level.  Their  prox- 
imity to  the  open  lake  and  their  position  below  the  precipitous 
narrow  part  of  the  canon  make  it  clear  that  their  elevation  is  ap- 
proximately that  of  the  lake  at  the  stage  at  which  their  rear  part 
was  built  They  have  no  true  seur-cli^,  and  they  lie  below  the 
level  of  rocky  surface  upon  which  the  higher  embankment  with  its 
secondary  terraces  rests. 

Series  47. — Mamainse. — At  the  deserted  mining  village  of  Ma- 
mainse  three  of  the  ancient  shore  lines  of  die  lake  may  be  reoog- 
uized  by  the  usual  characteristic  features.  The  lowest  of  these  is 
a  gravel  and  shingle  beach  which  skirte  the  back  of  the  old  stamp 
mill.  Ita  creet,  where  crossed  by  our  levels,  is  122.1  feet  (XI). 
The  second  is  a.  distinct  terrace  which  at  its  rear  was  found  to  be 
156.8  feet  (XIII).  The  third  is  also  a  terrace,  but  a  somewhat 
extensive  one,  the  rear  of  which  was  not  observed.  It  is  an  appor- 
rently  flat  gravel  plain,  thickly  timbered,  the  surface  of  which, 
near  its  brink,  is  191  feet  above  the  lake  (XVI). 
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Series  48, — SauU  Ste.  Marie. — The  last  of  oor  seriea  of  the  an- 
cient strand  lines  of  lake  Bttperior  is  in  the  vicinity  of  the  present 
Outlet  of  the  lake,  and  ia  interesting  for  its  geographical  position 
between  lakes  Saperior  and  Huron;  for  the  high  levels  at  which 
the  strand  lines  are  observable  and  for  their  well-preserved  and 
nnequivoosl  charaater.  The  terracing  of  the  hills  on  the  north 
side  of  the  St  Mary's  river  is  a  conspicaoas  figure  of  the  topo- 
graphy and  may  be  readily  examined  at  fnany  points.  The  town 
of  Sanlt  Ste.  Marie,  in  Ontario,  is,  like  Port  Arthur,  bnilt  upon 
terraces.  Of  those  within  the  town,  two  are  very  prominent,  and 
there  are  saggestione  of  others.  Only  the  lower  of  these  two  ter- 
races has  its  sea-oliff  (possibly  stream  cliff)  within  the  town  • 
limits-  The  base  of  the  cliff  is  just  north  of  the  line  of  the  Cana- 
dian Pacific  railway  track,  and  on  Pim  street,  where  oar  levels 
were  run,  the  rear  of  the  terrace  was  found  to  be  49  feet  above 
lake  Saperior  (V).  The  cliff  rises  steeply  and  is  composed  ohitfiy 
of  clayey  material.  The  second  terrace  which  extends  back  from 
the  upper  edge  of  the  cliff,  is  a  broad  plain,  at  least  a  mile  in 
width,  and  does  not  appear  to  have  a  well-defined  cliff  at  its  rear, 
but  to  have  a  sinnoae  abutment  upon  a  series  of  low  tamultuons 
hills  composed  of  morainio  drift.  The  altitude  of  this  broad  ter- 
race at  its  rear  vaa  not  precisely  determined  although  our  levels 
crossed  it,  but  it  is  probably  about  150  feet.  These  two  terraces 
are  distinct  from  the  remaining  members  of  the  series  which  are 
grouped  together  farther  back  on  the  front  put  of  the  hills.  They 
are  probably  beet  seen  on  the  Tarentorus  road,  about  four  miles 
from  the  town  of  Sanlt  Ste.  Marie.  Here  an  immense  embank- 
ment has  been  accumulated  aloiig  the  front  of  the  bills  in  the  em- 
bayment  now  occupied  by  the  Root  river,  which  has  since  out  a 
deep  canon  throngh  it.  This  embankment  culminates  in  a  great 
gravel  and  shingle  beach,  the  crest  of  which  is  413.9  feet  above 
the  lake  (XXVI).  Immediately  below  this  there  is  a  rolling  suc- 
cession of  three  benches  for  which  the  following  elevations  were 
obtained:  403.3  feet,  404.8  feet,  and  400.4  feet,  the  snooeEsion  indi- 
cating a  stage  of  the  water  somewhat  lower  thau  XXYI  at  which 
there  was  a  tendency  to  form  a  wave-buiit  terrace  with  a  gradually 
sabBiding  lake.  A  few  hundred  feet  down  the  road  we  come  upon 
a  good  terrace,  the  rear  of  which  is  365.3  feet  al>ove  the  lake 
(XXIV).  On  the  front  part  of  the  teiTace  is  a  distinct  but  low 
beach,  two  feet  lower  than  the  rear  of  the  terrace.  The  road  then 
drops  to  the  level  of  another  terrace  which  is  several  hundred 
yards  wide  and  which  has  an  altitude  at  its  rear,  where  it  encircles 
ap  island-like  mass  of  rock  that  projects  through  it.  of  311.2  feet 
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(XXII).  The  front;  of  this  terrace  is  the  front  of  the  primary 
embankment  of  shore  drift  and  there  are  oat  into  its  steep  slope 
(onr  wave-ont  terraces  ranging  from  ten  to  fifty  feet  in  width,  all 
well  defined.  The  elevationB  obtained  for  these,  in  descending 
order  are,  223.9  feet,  (XVIII),  207.6  feet  (XVII),  174.4  feet  (XV), 
and  150  feet  (XIH). 

DISCUSSION  OF  RESULTS. 

The  facts  set  forth  in  tUe  preceding  pages,  regarding  the  hyp- 
sometric and  geographic  distribntion  of  the  observed  abandoned 
strands  on  the  coast  of  lake  Saperior,  en^est  many  interesting 
problems  which  cannot  be  here  entered  apon.  The  information 
which  has  been  won  is  bat  a  contribntion  to  an  inquiry  into  a  very 
important  chapter  in  the  recent  physic^aphic  development  of 
Korth  America.  The  fall  inquiry  will  reqoire  the  labor  of  many 
investigators  throogh  many  years  before  entirely  satiafaotory  and 
iavolnerable  conclasions  are  attained.  A  few  preliminary  in- 
ferencee  and  saggestions,  arising  from  a  oonsideration  of  the  data 
which  has  been  presented,  may  here,  however,  be  diBonssed  briefly. 

Up  to  the  present  point  the  abandoned  strands  with  which  we 
are  ooncerned  in  this  inquiry  have  been  disonssBd  as  topographic 
Ceataree  of  the  coast  of  lake  Saperior,  and  they  have  been  allnded 
to  as  having  been  developed  at  the  higher  stages  of  that  lake,  fiat 
a  little  reflection  will  make  it  clear  that  all  bnt  the  very  lowest  of 
these  strands  represent  stages  of  a  sheet  of  water  which  was  very 
different  in  its  general  physiography  from  the  present  lake  Saper* 
ior.  It  was  many  times  more  extensive  than  lake  Saperior,  and 
covered  the  entire  region  of  the  great  lakes  Huron  and  Michigan 
with  several  hundred  feet  of  water.  The  extent  of  this  vast  lake 
was  probably  at  least  twice  as  great  as  the  combined  areas  of  the 
present  lakes  Saperior,  Michigan  and  Huron,  or  about  160,000 
square  miles;  and  these  lakes  are  bat  the  remnants  of  its  waters 
gathered  together  in  the  snbordinate  depressions  of  the  onoe 
greater  basin.  The  Algonquin  beaoh  which  skirts  the  coast  of 
lake  Huron  marks  bat  an  episode  in  the  later  stages  of  subsidence 
of  this  remarkable  sheet  of  fresh  water.  For  such  a  lake  it  would 
be  manifestly  inoongraous  to  retain  the  name  lake  Superior,  and 
confusion  woald  constantly  arise  by  snob  a  usnage.  It  is,  in  fact, 
scarcely  possible  to  discuss  the  problems  presented  without  some 
distinctive  name  for  the  immense  lake  which  played  so  important 
a  rOle  in  the  post-glacial  physiography  of  the  continent,  and  of 
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which  the  preseat  gre&t  lakes  are  but  reaidaal  parts.  The  neoessity 
for  SQoh  a  convenient  designatiou  has  been  antioipated  by  Spenoer, 
who  has  8aggeet«d  for  this  great  lake  the  name  LAKE  wabben.* 

By  lake  Warren,  then,  will  be  nnderstood  the  great  sheet  of 
water  along  whose  saccessive  shores  were  developed  the  terraces 
and  beaches  now  apparent  on  the  north  coast  of  lake  Superior;  and 
the  name  will  be  applioable  to  this  lake  from  its  highest  stages 
down  to  that  stage  when  its  waters  became  definitely  segregated 
into  the  different  Bubordioate  depressioBS,  and  aSsnmed  the  obsr- 
acters  of  the  present  great  lakes.  The  different  shore  lines  of 
lake  Warren  may,  of  ooarde,  receive  special  designations  witbont  in 
any  way  intei^ering  with  the  name  of  the  lake  itself. 

A  glance  at  the  table  shows  that  in  different  parts  of  the  coast 
of  lake  Snperior  the  namber  of  observable  strand  lines  varies 
from  one  to  nineteen;  while  along  very  considerable  portions  of 
the  ooast  none  eon  be  detected.  This  great  discrepanoy  in  the  rec- 
ords of  the  different  distinct  stages  at  which  the  waters  of  the  lake 
Warren  have  stood  is  to  be  aocoonted  for  in  different  ways.  Of 
oonrae  a  very  large  proportion  of  the  discrepancy  is  only  apparent, 
and  is  due  to  tbe  foot  that  the  coast  is  a  timbered  country.  Were 
the  coastal  slope  stripped  of  its  timber  many  of  the  local  series  of 
strand  lines  would  hav«  a  maoh  fuller  representation  than  is  shown 
in  the  table.  And  in  this  respect  forest  fires  are  coming  rapidly 
to  the  assistance  of  the  inqniring  geologist.  It  fire  oontinnes  its 
destrnotive  work  in  the  fntnre  as  vigoronsly  as  in  the  past  few  dec- 
ades, the  record  of  ancient  beaches  and  terraces  will  in  many 
places  be  maoh  fuller  than  is  here  given.  Bat  apart  from  gaps  in' 
the  aeries  dae  to  obscaration  of  tbe  topography  by  timber,  there 
are  many  localities  where  the  topography  is  well  exposed,  and  all 
tbe  beaches  and  terraces  present  may  be  accurately  determined; 
and  on  comparing  these  with  one  another  very  serious  differences 
are  at  once  apparent,  even  when  the  localities  are  not  widely  sep- 
arated. These  may  be  dne  to  one  or  another  of  two  causes.  (I) 
The  coastal  slope  is  not  eqaally  snsceptible  of  receiving  the  regis- 
tration of  shore  lines  at  different  levels.  One  portion  of  the  slope 
may  be  admirably  adapted  to  tbe  formation  of  sea-cliffs  and  em- 
bankments, while  another  portion  either  above  or  below  may  not 
lend  itself  to  the  development  of  saoh  features.  This  difference  in 
Bosoeptibility  of  receiving  shore  line  impressions  is  due  partly  to 
the  varying  character  of  the  rocks  and  partly  to  the  general  steep- 
ness of  the  coastal  slope.    (2)  A  second  cause  of  the  lack  of  cod- 
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oor<iaiice  between  the  different  eeries  of  shore  featurea  is  that  many 
of  thetu,  particalarly  those  which  take  the  form  of  terraces  in  pre- 
existing embankments,  have  been  obliterated  by  wave  aotion  oper- 
ating at  lower  leveU  than  that  at  whioh  they  were  formed,  by  the 
process  described  as  now  in  operation  near  Dog  river. 

There  is,  however,  still  another  important  possitiility  to  be  con- 
sidered. Thers  may  have  been  differential  movements  within  the 
Hmiis  of  the  present  lake  Superior  basin  when  its  outlet  was 
relatively  higher  than  at  present.  There  are  two  general  cases 
under  snch  a  supposition:  (1)  the  differential  movement  may  have 
been  of  snch  a  character  that  a  portion  ol  the  coast  did  not  change 
its  altitode  relatively  to  the  outlet,  while  another  portion  did  so 
change;  or  (2)  the  entire  ooast,  within  the  limits  named,  may  have 
changed  its  altitude  relatively  to  the  oatlet,  or  become  inclined. 
In  the  first  case  one  shore  l^ae  in  one  part  of  the  coast  would 
correspond  to  more  than  one  shore  line  in  another  part,  t.  e.,  there 
would  not  be  in  all  parts  of  the  coast  the  same  number  of  aband- 
oned strand  linee  even  if  the  record  were  quite  complete.  But  the 
supposition  is  a  violent  one,  involving  pcst-glacial  faulting  or  flex- 
ure of  which  there  is  no  evidence  whatever.  In  the  second  case 
there  would  be  an  eqaal  number  of  strand  linee  in  all  parts  of  the 
coast  (supposing  none  were  re-submerged)  bat  all  would  converge 
upon  the  outlet  if  projected  on  a  vertical  plane. 

In  both  oases  the  vertical  interval  between  the  same  pairs  of 
strand  lines  in  all  different  parts  of  the  ooast  would  not  be  constant 
Moreover,  it  would  be  by  the  merest  chance  tiiat  in  the  second  case' 
the  same  figures  would  be  obtained  for  the  vertical  interval  between 
strand  lines  in  different  parts  of  the  ooast.  If  it  can  be  shown 
that,  notwithstanding  the  actual  discrepancies  in  the  different  local 
series,  there  is  a  prevailing  constancy  of  interval  between  strand 
lines  in  different  localities,  we  shall  not  be  warranted  in  assuming 
that  the  discrepancies  apparent  in  the  table  are  due  to  local  move 
menteat  a  time  when  the  basin  was  fuller  than  now.  To  be 
convinced  that  there  is  a  prevailing  constancy  of  interval  one  has 
only  to  study  the  table  of  elevations,  bearing  in  mind  the  fact,  that 
the  elevations  given  of  the  ancient  shore  features  of  lake  Warren 
may  differ  a  varying  number  of  feet  (ordinarily  up  to  ten  feet)  from 
the  actnal  water  level  at  which  they  were  formed.  In  the  table 
will  be  found  many  striking  coincidences  of  vertical  interval;  and 
the  nature  of  the  problem  is  such,  that  positive  evidence  of  ttiis 
character  is  important,  while  negative  evidence  is  practically  value- 
less, owing  to  the  fact  many  conditions  may  cause  apparent  dis- 
«repanciee,  while  only  one  set  of  conditions  would  favor  a  oon- 
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stancy  of  vertioal  iuteryal  betveea  the  abandoned  stranda,  viz., 
a  uniform  aubaidence  of  the  water  along  the  entire  extent  of  ike 
coast.  Not  only  is  there  a  ptevailing  conataBcy  of  iDterral  between 
the  abandooed  strands,  suggesting  the  oorrelation  implied  in  the 
table,  bnt  when  we  compare  the  intervals  between  the  strande  o£ 
the  varioos  local  seriea  and  the  present  level  of  the  lake  there  is  a 
far  more  imposing  array  of  coincidences.  This  becomes  apparent 
in  the  following  table,  in  the  consideration  of  which  it  must  be 
again  remembered  that,  if  the  same  features  were  to  be  sobjeoled 
to  the  same  kind  of  measarement,  there  woald  be  a  maximum  dis- 
crepancy for  the  present  level  of  the  take  of  15  feet  In  addition 
to  this  there  are  possible  errors  of  observation  and  instrnmental 
errors  to  be  taken  into  acooant;  so  that  the  maximnm  discrepan- 
cies in  the  following  table  are  very  moderate  in  extent 
TABLE 
Showing  the  extent  of  coincidence  of  the  vertical  intervals  between 
the  level  of  lake  Superior  and  some  of  the  abandoned  strands  of  lake 
Warren  at  various  well  distributed  localities  on  the  coast. 

Number  Uailmam  and  mlntmuni  Maximum 

of  looulltles.  values  of  the  InWr vul  In  faet.    dlacropanoy  la  feet. 

7 n.6-  12.1 5.5 

11 21.7-16,0 '. 5.7 

17 40  &-  27.2 12.8 

18 53.3-  43.0 10  3 

10 61.9-65.9 «.0 

18 86.8-  74.4 12.2 

5 92.7-  89.2 3.5 

12 , 106.3-  97.0 9.3 

9 119.5-IT3.5 6.0 

9 129.-<!-122.0 7.2 

10..... 142.4-134.1 8.3 

6  167.9-148.8 9.1 

■     4 162.6-160.5 a.1 

8.., 175.6-170.0 5.6 

3 193.1-189.1 4.0 

7 215.6-204.5 11.1 

7 2318-221.8 10.0 

2 142.7-237.9 4.8 

7 261.2-253  6 7.6 

3 288.4-278.9 9.5 

7 313.9-310.6 3.3 

3 331.6-323.4 8.2 

4 371.6-360.6  10.9 

4 392  3-391.0 1.3 

2 418.3-413.9 3.4 

2 439.7-436.2 3.5 

3 475  9-473.0 2.9 

2 509.5-509.5 0.0 

2 534.8-534.0  0.8 

This  remarkable  ooinoidence  of  vertical  iaterral  could  not  be 
a  matter  of  accident,  and  it  seems  to  the  writer  to  warrant  the 
correlation  of  the  abandoned  strauda  of  the  lake  as  expressed  in 
the  tabla    Bat  if  this  be  granted  it  also  demonstrates  another  im- 
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portant  fact:  tiz.,  The  lock  of  local  deformation  in  the  etrand  linea 
eioce  their  abandoament  by  the  enbsiding  vaters  of  the  lake.  For 
it  IB  clear,  that  if  the  strands  ara  to  be  correlated  as  indicated  in 
the  table,  they  are  as  perfectly  horizontal  u  when  they  were 
fanctiooal  shores.  And  in  this  statement  we  have  a  satisfaotory, 
even  if  nnexpeoted,  answer  to  the  question  proposed  at  the  oatset 
of  the  investigation. 

It  follows  from  this  conclusion,  that  every  distinct  altitude 
occupied  anywhere  on  the  coast  by  a  strand  liae  represents  a  stage 
of  lake  Warren.  In  other  words,  the  total  number  of  observed 
strands  marks  the  minimom  number  of  distinct  stages.  There  are 
recorded  in  the  table  33  btrands  having  distinct  altitudes. 
With  reference  to  one  of  these  (XXVIII)  there  is  some  doubt  as 
to  its  representing  a  stage  distinct  from  one  recorded  at  a  lower 
level.  Thus  there  have  been  in  the  history  of  the  recession  of  the 
lake  at  least  32  definite  stages.  The  mazimnm  number  recognized 
in  any  one  locality  is  19,  so  that  the  minimum  defect  in  the  record 
in  the  moAt  favored  locality  is  13,  i.  e.  in  the  most  complete  series 
only  60  per  cent  of  the  minimum  complement  of  shore  lines  is 
represented. 

So  far  ae  can  be  inferred  from  a  ooaeideration  of  the  observed 
strand  lines,  the  eabeidence  of  the  lake  may  have  been  effected  by 
a  gradual  lowering  of  the  waters,  with  a  definite  halt  at  each  of  the 
stages  represented  by  a  strand  line  in  the  topography  of  the  coast; 
or  the  waters  may  have  dropped  rapidly  from  ooe  stage  to  another. 
The  tatter  asanmptiou  for  so  large  a  sheet  of  water  involves  so 
much  violence  that  it  is  naturally  repugnant  to  the  geological  mind. 
The  only  probable  condition  which  would  give  rise  to  a  rapid  drop 
in  the  water  of  the  lake  would  be  the  rapture  of  an  ice  dam.  But, 
as  will  be  urged  in  the  sequel,  ice  harriers  appear  to  be  rnled  oat 
of  the  problem.  Conditiime  favoring  the  rapid  trenching  of  soft 
material,  such  as  morainic  debris,  producing  effects  similar  to  the 
rapid  lowering  of  lake  Bonneville,  are  possible;  but  in  the  utter 
absence  of  evidence  of  such  action  this  possibility  can  scarcely  be 
entertained  at  present.  It  seems  probable,  then,  that  the  lowering 
of  the  water  has  been  gradual.  But  while  this  is  so  it  does  not 
imply  that  the  subsidence  was  uniformly  gradnal;  the  oocorrenoe 
of  successions  of  beaches  following  one  another  closely  on  certain 
of  the  lower  portions  of  the  coastal  slope  (as  has  been  indicated  in 
earlier  pages  of  this  paper)  seems  to  mark  a  much  more  gradual 
subsidence  within  certain  limits  of  elevation  than  that  which 
usually  obtained.  On  the  other  hand,  the  wide  vertical  gaps 
between  the  strand  lines  in  the  higher  parts  of  the  coast  may  in- 
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dioate  a  more  rapid  lowering  of  the  water,  or  at  least  leas  frequent 
stoppagee  of  the  process  of  Babaidenoe.  Bat  owing  to  the  imper- 
fection of  the  record  the  evidence  is  at  beet  only  suggestive  on  this 
point 

There  can  be  little  qnestion  but  that  every  one  of  the  many 
stages  of  lake  Warren  had  its  level  determined  by  a  definite 
ontlet,  jast  as  the  level  of  lake  Saperior  is  oonditioned  by  the 
overflow  at  Sanlt  Ste.  Marie.  The  existence  of  post-glaoial  beach- 
es and  terraces  at  high  levels  in  the  vicinity  of  Saolt  Ste.  Marie, 
demonstrates  clearly  that  no  ice  barrier,  spanning  the  interval  be- 
tween the  high  ground  on  the  north  side  of  the  lake  and  that  on 
the  soath  side,  can  be  invoked  to  explain  the  high  level  strand  lines 
of  the  north  coast  as  those  of  a  body  of  water  dammed  book  by  a 
glacier  lobe,  and  corresponding  in  geographical  extent  approxi- 
mately with  the  present  lake  Superior.  It  was  a  sheet  of  water  of 
much  vaster  proportions;  and  for  aach  it  is  entirely  reasonable  to 
suppose  that  epeirogenic  movements  may  have  been  in  progress  in 
one  portion  of  its  area  and  not  in  others;  or  that  a  movement  of 
uniform  elevation  or  depression  in  one  part  may  have  proceeded 
oontemporaneoualy  with  local  warping  in  another.  Farther,  since 
the  supposition  of  an  ice  barrier  at  Sault  Ste.  Marie  is  out  of 
the  question,  and  since  there  is  no  known  single  gorge  of  post- 
glaoial  age  which,  by  being  progressively  trenched,  would,  without 
erustal  warping,  account  for  the  lowering  of  the  waters  through  a 
range  of  600  feet,  we  seem,  so  far  as  our  present  knowledge  serves 
us,  to  be  forced  to  Eissnme  erustal  deformation  as  the  primary 
means  of  the  lowering  of  the  outlet  of  the  lake.  A  consideration 
of  the  abandonei  strand  lines  of  the  north  coast  of  lake  Super- 
ior warrants  the  oonolasion  that  whatever  deformation  may  have 
been  in  progress,  the  region  examined  was  not  locally  warped,  al- 
thongh  it  may  have  been  uniformly  uplifted  or  depressed.  Thus 
it  seems  probable  that  local  warping  of  the  crust,  ia  some  region 
far  removed  from  lake  Superior,  is  accountable  for  the  lowering  of 
the  land  barrier  which  held  back  the  waters  of  lake  Warren.  The 
region  in  which  evidence  of  such  changes  should  be  looked  for  lies 
to  thesouth  and  southeast  of  lakes  Michigan  and  Huron;  and  the 
movements  which  here  concern  us  are  probably  cloaely  related  to 
those  revealed  in  the  warping  of  the  Iroquois  and  Algonquin  shore 
lines,  as  described  by  Gilbert  and  Spencer.  These  warpingB,ho  we  ver, 
must  represent  a  late  movement  in  the  general  process;  sinoe  the 
Booringof  the  Algonquin  beach  of  Spencer  is  probably  only  a  re- 
cent episode  in  the  subsidence  of  the  great  sheet  of  water  which 
embraced  all  three  of  the  upper  lakra. 
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The  generftl  epeirogeaio  result  oF  the  moremBiits  which  lowered 
the  southern  and  sontheastern  barrier  of  the  basin  of  lake  Warren, 
and  oansed  the  registration  of  the  great  anaoession  o(  strand  lineB 
now  observable  on  the  north  coast  of  lake  Superior,  seems  to  have 
been  an. absolute  and  oniform  elevation  of  a  large  portion  of  cen- 
tral Canada,  including  the  region  about  lake  Saperior,  of  several 
hundred  feet,  and  a  relative,  and  probably  also  an  absolute,  de- 
pression of  the  region  south  of  the  present  lakes,  embraoing  the 
states  of  Ohio  and  Indiana.  For  on  the  north  side  of  the  divide 
between  lake  Superior  and  Hudson's  bay,  at  a  distance  from  lake 
Superior  of  from  150  to  200  miles,  poet-glaoial  marine  deposits  oc- 
cur on  Kenogami  river  at  an  elevation  of  450  feet  above  the  sea, 
extending  thence  continuondy  to  the  shore  of  James'  bay;  and  sim- 
ilar post-glacial  marine  deposits  occur  on  the  Missinibi  river  at  an 
elevation  of  300  feet.*  Since  the  occupancy  by  the  sea  of  these 
e^  ions  north  of  the  divide  and  the  high  stages  of  lake  Warren  are 
both  clearly  post-glacial,  we  would  seem  to  be  warranted  in  corre- 
lating the  two  events;  and  also  in  further  correlating  the  gradual 
subsidence  of  lake  Warren  with  the  emergence  of  the  Hudson's 
bay  slope  from  beneath  the  sea. 

If  the  general  suppoeitionbetrue,  thai  the  draining  of  lake  War- 
ren was  due  to  the  relative  lowering  of  a  land  barrier  far  south- 
east of  the  present  take  Superior,  it  seems  probable  farther  that 
the  outlet  of  this  vast  sheet  of  water  shifted  from  time  to  time  in 
consequence  of  the  continental  warping.  It  would  be  quite  rea- 
sonable, also,  to  suppose  that  if  a  southerly  land  barrier  conditioned 
the  high  levels  of  lake  Warren,  the  same  barrier  may  have  been  high 
enough  at  first  to  determime  a  northerly  drainage  of  the  lake  to 
Hudson's  bay.  The  suggestion  that  such  was  the  case  is  strength- 
ened by  the  following  interesting  circumstance. 

The  bight-of-land  portage  south  of  Long  lake,  i.  e.,  the  divide 
between  the  St.  Lawrence  system  of  drainage  and  that  of  Hudson's 
bay.is  only  about  16  miles  distant  from  the  shore  of  lake  Superior. 
The  elevation  of  this  pass  is  1,102  feet  above  the  sea.t  i.  e.,  it  is 
600  feet  above  the  present  level  of  lake  Superior.  The  description 
of  the  pass  by  Bell  leaves  little  doubt  but  that  it  ie  the  abandoned 
bed  of  a  large  river.  Now  one  of  the  most  heavily  marked  of  the 
abandoaed  strand  lines  of  the  north  coast  of  lake  Superior  has  a 
precise  altitude  of  509  feet.  The  coincidence  is  a  remarkable  one, 
and  it  is  difficult  to  resist  the  conclusion  that  stage  XXX  of  the 
lake  was  determined  by  the  altitude  of  this  pbss,  the  drainage  be- 
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ing  QorthvArd.  Mr.  TTpham,  if  the  writer  aadergtaods  him,  re- 
gards this  pass  as  an  outlet  for  the  eoatherly  drainage  of  a  hypo- 
thetical lake,  dammed  back  to  the  north  by  a  wall  of  ice;  but  tiie 
writer  can  find  no  warrant  for  Mr.  TJpham's  snpposition.  It  is  not 
improbable  that  the  continental  ice  sheet  was  still  extensiTe  to- 
wards the  east  at  the  time  that  lake  Warren  atood  at  stage  XXX; 
and  it  is  possible  that  a  lobe  of  its  eoathern  margin  may  have 
reached  nearly  as  far  soatb  wSaultSte.  Maria  Bat  it  had  certainly 
diaappeared  from  the  present  coast  of  the  northwestern  part  of  the 
lake  and  probably  had  been  suMoiently  removed  from  the,  region 
northward  te  permit  of  the  northerly  drainage  here  suggested. 

About  50  miles  northeast  of  Michipicoten  harbor  is  another  pass, 
somewhat  lower,  at  an  altitude  of  440  feet  above  lake  Superior,*  at 
thedivide  south  of  Miseinaibi  lake.  It  is  possible  that  this  pass  may 
have  been  blocked  with  the  ice  sheet  when  the  Iiong  lake  outlet 
was  open,  or  it  may  hare  been  blocked  with  morainio  d^brie  which 
has  been  eince  trenched  by  stream  aotion.  If  this  pass  ever  served 
as  an  outlet  of  lake  Warren  it  ia  doubtlese  to  be  correlated  with 
stage  XXTI  which  has  so  strongly  marked  a  strand  line  at  Sault 
Ste.  Marie. 

There  are  other  possible  outlets  conoerniag  whitdi,  for  lack  of 
information,  it  is  impossible  for  the  writer  to  speak  definitely.  It 
seems  not  improbable,  for  instance,  that  the  valley  of  the  St.  Croix 
river  served  as  an  outlet  for  the  overflow  of  some  of  the  high  stages 
of  lake  Warren,  conveying  its  waters  to  the  Mississippi  The  bed 
of  an  old  chanuel'at  the  lowest  point  of  the  divide  between  Bois 
Brnl£  and  St.  Croix  rivers  is  described  by  Upham,  who  gives  the 
elevation  as  468  feet  above  lake  Superior.f  This  seems  to  oor- 
respond  well  with  strand  XXIX  of  lake  Warren,  which,  at  Doluth, 
has  an  elevation  of  about  475  feet  There  are  poBsibitities  of 
another  oatlet  to  the  same  general  drainage  by  way  of  the  Illinois 
river.  The  Fort  Wayne  channel  doubtless  offered  another  outlet 
at  a  different  attitude  of  the  surface  and  a  greater  absolute  eleva- 
tion than  it  now  has.  The  Nipissing  depression  may  possibly  have 
been  available  at  some  of  the  higher  stages. 

Prof.  N.  H.  Winchell,  also,  has  suggested  that  there  is  a  former 
oatlet  by  way  of  Whitefiah  valley  through  Little  Bay  de  Noo-t 

•Cpbam,  op.  cit..  p.  2M. 
^p.  cit.  p.  »e. 

tAm.  Jour.  Scl.,  Vol.  II.  IBTI.  p.  IS. 
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DIATOMACE^ 

OF  MINNESOTA  INTEE-GLACIAL  PEAT. 

BY  BENJAMIN  W.  THOMAS,  F.  R  M.  S. 

With  a  List  op  Speoieb  and  Some  Notes  Upon  Them,  by 
Pbop.  Hamilton  L.  Smith,  M.  A.,  L.  L.  D.    Also  Dibeotionb 

FOB  THE   PbEFABATION   AND   MOUNTING  OF   DlATOHAOE^.        Bx 

Db.  Chbistofheb  Johnston  and  Fbof.  H.  L.  Smith. 


Samples  of  inter-glacial  peat  £rom  Blae  Earth  coacty,  Minne- 
Bota,  Bent  by  Prof.  M.  H.  Winohell,  etate  f^eologist  of  Minnesota, 
were  fonnd  to  be  well  filled  with  the  siliceous  frustales  of  over  100 
{Utfereut  species  of  fresh  water  "Diatomacece."  The  stratam  of 
peat  from  which  the  specimens  were  taken  was  reported  as  being 
overlaid  by  some  twenty-two  feet  of  bonlder  clay,  and  as  resting 
upon  the  same  material,  but  I  am  not  advised  as  to  the  extent  or 
thickness  of  the  peat  in  this  interesting  deposit  The  clay  both 
above  and  below  the  peat  carried  many  boulders  showing  glacial  . 
fltriation  and  on  microscopical  examination  yielded  Foraminifera, 
Badiolaria,  and  other  marine  forms  peculiar  to  Minnesota,  and  some 
other  western  boalder  clays,  bnt  marinu  forms  were  not  detected 
in  the  peat. 

Diatomaceee  constitnte  a  group  of  microscopic  organisms  of  great 
interest  to  the  student  of  natural  history.  They  are  a  family  of 
confervoid  algs  of  very  pecaliar  character,  and  the  living  forms  are 
found  in  great  numbers  in  almost  all  waters  that  are  exposed  to  the 
sun  and  air,  forming  a  brown,  or  yellowish  layer  at  the  bottom  of 
the  water,  adhering  to  submerged  logs  and  rocks,  or  attached  to 
the  fronds  of  the  larger  algse.  Specimens  which  contain  the  living 
diatoms  are  of  oonrse  the  most  valnable  for  the  proper  stady  of  their 
life  history,  bnt  the  plants  are  so  variable  in  character  and  habit 
that  it  is  difficult  to  give  directions  that  will  in  all  cases  give  the 
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best  results  foroolleotingandpreservingthem.  Colleotions  should 
be  made  of  plants  growing  entirely  beneath  the  water,  attached  to 
rooks,  piers,  logs,  etc,  or  to  the  larger  algee.  The  slimier  the 
plants  appear,  if  in  water  free  from  sand  and  mud,  the  richer 
will  be  the  harvest,  as  the  brown,  or  yellowish  costing  upon  the 
algsB  and  other  sabmerged  obiaets  is  frequently  bnt  a  mass  of 
living  Diatomacese  and  the  moss-like  carpeting  apon  submerged 
rooks,  is  often  largely  made  up  of  besatifal  specimens  of  the 
filamentous  species. 

The  growing  algae,  carefully  taken  from  their  attachments,  can 
be  thoronghly  dried,  and  each  coUeotion  carefully  placed  in 
separate  paper  boxes,  or  wrapped  in  strong,  clean  paper,  and 
plainly  labeled,  giving  locality,  date  of  collection,  etc.,  or  they 
may  be  kept  moist  in  phials  or  small  bottles,  with  a  little  creosote 
added  to  prevent  monld,  as  recommended  by  Prof.  Smith.  When 
prepared  either  dry  or  moist  as  above  st^gested  they  can  be  oare- 
fnUy  laid  away  for  fatore  examination,  and  the  dried  material  can 
safely  be  sent  to  correspondents  by  mail  or  otherwise. 

Bat  as  many  of  the  moat  carefully  collected  and  promising 
specimens  prove  to  be  of  little  or  no  valae  it  is  not  only  desirable 
but  also  a  most  interesting  and  profitable  study  to  examine  them 
while  fresh  from  the  water. 

For  this  purpose  with  a  pipette  take  a  small  quantity  of  sedi- 
ment from  one  of  the  collecting  bottles  aa  soon  as  possible  after  its 
collection,  and  before  creosote  or  other  preservative  has  been 
added,  put  a  drop  from  the  pipette  onto  a  microscope  slide,  place 
a  cover  glass  over  it  and  with  a  blotter  absorb  the  surplus  water. 
If  the  collection  is  of  good  material  the  microscope  with  a  one- 
foorth  inch  objective  will  show  an  abundance  of  living  diatoms, 
with  their  rich  and  beautifully  colored  endoohrome.  Some  of  the 
fmstules  will  be  connected  by  stipes  to  the  larger  algte,  some  in 
tubee,  others  in  long  ribbon-like  ^laments,  while  many  will  exhibit 
those  independent  and  almost  intelligent  movements  that  so  nearly 
resemble  animal  life,  and  which  has  caused  and  is  yet  oaoaing 
much  discussion  among  scientists. 

The  individual  cells  of  the  Diatomaoece  containing  the  proto- 
plastic endochrome  are  called  frustules  and  have  an  external  coat- 
ing of  nearly  pure  silica,  which  consists  of  two  portions  or  valoes, 
which  are  connected  at  their  margins  by  hoops  or  bands  of  vari- 
able widths  forming  a  minute  box.  These  silioeoos  shells  or  frus- 
tnlea  occur  in  a  great  variety  of  beautiful  and  symmetrical  forms, 
abd  the  valves,  or  main  surfaces  of  the  frustules,  are  generally  richly 
carved   and  sculptured,  and  under   the   microscope  show  etriee 
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pinales.  ribs,  oelle,  koobB,  boases,  etc.,  in  almost  iDDamerabld 
variety  and  oombiDationa,  and  some  of  the  species  when  properly 
prepared  aod  moanted  are  the  best  known  teste  of  the  resolving 
poWerofmicroBcopeobjeotiTes.  ThevalveBoE  one  well  known  spe- 
cies that  is  qnite  abundant  in  most  of  our  western  waters,  the 
Amphipleora  pellncida,  show  at  the  rate- of  90,000  to  100,000  lines 
or  strice  to  the  inch. 

DiATOHACE^  are  nndoabtedly  of  comparatively  recent  geolog- 
ical age,  and  I  find  no  reliable  aathority  of  their  having  been 
found  below  the  tertiary,  although  unverified  claims  have  re- 
cently been  made  of  the  finding  of  their  siliceous  remains  in  the 
coal  formations. 

The  fossil  remains  of  diatohace.£  abound  in  the  vaat  sub-plu- 
tonic  and  other  strata  on,  the  Pacific  coast  of  North  America,  which 
exhibit  both  fresh  water  and  marine  species,  thongb  rarely  in  a 
mixed  state.  In  moet  of  the  deposits  the  predominating  speoies 
present  indicate  the  character  of  the  water,  and  th?  clinaatic  infln- 
ences  under  which  they  were  acoamulated;  different  species  or 
gronpe  of  species,  usually  appearing  in  fresh,  brackish, or  saU  water, 
and  in  seas,  takes,  rivers  and  marshes. 

While  a  majority  of  the  fossil  diatomaceous  deposits  hitiierto 
discovered  are  of  fresh  water  origin,  by  far  the  most  extensira'  are 
marine,  and  some  of  them  spread  over  large  areas.  One  oE  tbe 
most  important  stratums  of  this  character  in  North  America  IB 
considered  as  belonging  to  the  Miocene-Tertiary,  and  is  on  or  near, 
the  Atlantic  coast,  and  is  largely  in  the  states  of  New  Jersey,  , 
Maryland  and  Virginia.  The  principal  depoeite  in  Maryland  com- 
mence at  about  sixteen  feet  above  tide  water,  and  are  covered  with 
four  to  twelve  feet  of  earth.  They  then  dip  below  tide  wal|er  until 
at  Fortress  Monroe  they  are  from  200  to  400  feet  below  the  surface, 
and  from  an  artesian  well  at  Atlantic  City,  N.  J.,  fossil  diatoma- 
ceous material  containing  several  new  and  beautiful  species  has 
recently  been  secured  from  depths  respectively  of  406,  510,  635, 
550  and  628  feet  below  the  surface. 

The  extent  of  some  deposits  of  fossil  Diatomaccte  and  the  vast 
number  and  variety  of  forma  contained  in  them,  seem  almost 
incredible,  and  Dr.  Buckland  states  that  the  remains  of  these 
minute  forms  have  added  more  to  the  mues  of  the  exterior  crnet 
of  the  globe  than  has  the  bones  of  animals.  Ebreuberg  estimated 
that  one  of  the  diatomsceons  deposits  in  Bohemia,  covering  a  large 
area  to  an  average  thickness  of  some  fourteen  feet,  cottained  not 
less  than  40,000,000,000  diatoms  to  the  cubic  inch,  and  Mr.  Fred- 
erick Haberehaw,  several  years  ago,  published  a  catalogue  of  over 
4,000  species  then  known  to  diatomists. 
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While  the  Bamples  of  inter-glacial  peat  Babmitted  for  examina- 
tion were  all  well  filled  throaghoat  theii  entire  snbetance  with  the 
«il)oeoa8  remains  of  fresh  water  X)iatomaoe»,  it  is  not  probable 
that  preparations  from  the  small  number  of  BpecimeoB  at  our  dis- 
posal, and  the  conseqaently  small  number  of  slides  prepared  and 
submitted  to  Frol  Smith  fbr  examination,  will  be  exbaastive  ae  to 
the  diBtomaoeons  oonteuta  of  the  peat  Aocumalations  of  peat  and 
diatoms,  like  deposits  of  more  nearly  pare  diatomaoeoas  material, 
«re  probably  of  very  slow  growth,  and,  as  is  well  known  to  miero- 
>  acopists,  the  upper  layers  of  a  stratam  often  exhibit  different 
species  from  those  found  in  the  lower,  or  other  parts  of  the  same 
deposit,  which  may  have  been  accamalated  thoQsands  of  years 
earlier,  and  ander  different  climatic  and  other  inflaenoea,  and  it  is 
qoite  probable  that  a  more  thorongh  examination  of  this  very 
interesting  deposit  will  yield  many  species  which  were  not  on  the 
elides  submitted  for  examination,  and  oonseqnently  are  not  in- 
cluded in  the  following  very  valoable  "list  of  species,"  and  the 
interesting  notes  nponthem,  by  that  veteran  diatomist,  Frof.H.  L. 
Smith. 

Their  value  and  appropriateness  in  this  connection,  f  nlly  jnstifiea 
me  in'ufiing  the  paper  of  Dr.  Johnston,  with  the  supplement  by 
Prof.  Smith,  on  the  "Preparation  and  Mounting  of  DiatomaceEe," 
which  originally  appeared  in  "The  Lens, 'a  journal  published  by 
"The  State  Microscopical  Society  of  Illinois,"  and  which  is  nearly 
■oat  of  print 

LIST  OF  SPECIES  AND   SOME   NOTES  UPON   THEM. 

BY   PfiOF.  HAMILTON  U  SMITH. 

The  discovery  of  a  peat  deposit  between  two  layers  of  boulder 
■clay  in  -Minnesota,  is  not.only  interesting  but  remarkable,  inas- 
much as  the  organisms  found  in  the  over  and  underlying  clay 
are  all  of  marine  origin,  while  those  of  the  deposit,  lying  between, 
are  not  only  fresh  water  forms,  similar  to  those  found  in  the  sub- 
peat  deposits  of  the  eastern  states,  bat  with  one  or  two  exoeptions, 
are  forms  living  at  the  present  time  in  the  great  lakes  or  their 
tributaries;  so  that,  geologically  speaking,  the  deposit  appears  to 
be  of  very  modern  origin.  While  the  difference  between  this  and 
the  sab-peat  deposits  of  the  eastern  states  is  not  very  marked,  yet 
a  few  distinctive  speoiee  do  occur,  and  will  be  mentioned  in  the 
notes  appended  to  the  Hat,  which  ally  it  to  the  fossil  deposits  of 
-Oregon,  Utah  and  California,  and  which,  to  a  practiced  eye,  would 
serve  to  indicate  the  intermediate  position,  and  to  distingnish  it 
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from  both.  How  snob  a  deposit,  which  is  oertainly  of  maob  more 
receat  origin  than  the  boulder  day,  came  to  be  thus  ioterpoBed, 
is  an  interesting  qaestion, — a  qaeation  for  the  geologist  to  settle. 
The  thickness  of  the  overlying  bedvaries  from  twenty  to  thirty  feet; 
this,  and  the  lower  bed,  like  theother  bonldei  olaya  of  Minnesota, 
show,  on  carefnl  examination,  only  marine  fossils;  whereas,  as 
already  mentioned,  only  fresh  water  and  recent  forms  are  foond 
in  the  peat  deposit  At  tlie  request  of  Mr.  B.  W.  Thomas,  I  have 
examined  a  aeries  of  slides  very  corefally  prepared  by  him,  and 
the  result  will  be  found  in  the  following  list;  these  are  all  fresh  , 
water  diatoms. 

The  larger  diatoms  were  many  of  them  broken,  owing  to  the 
character  of  the  deposit,  which  contained  mach  sand,  but  the 
smaller  forme,  were  mainly  perfect. 

The  number  of  species  might  have  been  considerably  extended 
if  I  had  followed  the  example  of  some  of  the  European  diatomists, 
and  affixed  n.  sp.  to  each  form  with  a  slightly  vu-ying  outline, 
striation  or  size.  I  have  in  the  list,  gone  to  the  follest  extent  in 
this  direction  which  I  thought  allowable;  indeed,  the  number 
might  be  somewhat  lessened  with  advantage. 

The  almost  total  absence  of  Surirellese  Nitzscbiese  PleonJsigmao 
and  Synedreee,  which  abound  in  many  eastern  deposits,  is  a 
charaoteristic  feature,  and  also  the  presence  is  great  abondance  of 
epioulee  of  Spongillidx,  and  small,  flask-shaped  bodies;  some  of 
these  latter  are  quite  smooth  and  others  reticulated  or  covered 
with  short  spines,  and  all  are  rigidly  siliceous.  Ebrenberg 
classed  them  with  the  Infusoria,  and  even  placed  them  in  different 
families,  calling  the  smooth  forms  "Trachelomonas,"  and  the 
hispid  or  armed  ones  "Clicetotyphila."  I  have  frequently  found 
these  in  recent  gatherings,  and  they  occur  quite  abundantly  in 
some  sub-peat  deposits,  e.  g.  Wrentham,  Mass.,  and  Smithfield, 
K.  I.  I  give  in  the  list  the  average  length  or  diameter  of  the 
fntstulea  as  they  occur  in  this  deposit,  also  references  to  where 
figures  illustrating  the  different  species  may  be  found,  and  in  the 
appended  notes  will  be  found  remarks  on  most  of  the  species. 

HAMILTON  li.  SMITH. 
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NOTES  ON  THE  SPECIES. 


No.  1.  AchDaDtbidlum  flexellum  Breb.:^ Cocconeis  thwaiteil  W.  Smitb. 
TbfB  dtatom  I  found  living  at  Copper  Harbor,  Lake  Superior,  and  it  oc- 
cure  frequently  In  fredta  water  gatberlni^  In  tbe  Eastern  states.  It  is 
flexed  in  front  view  (f.  v.),  bas  dissimilar  valves  and  a  algmord  median 
line;  outline  of  valve  oral,  aspect  byallDe;  not  common  in  tbe  deposit. 

So.  2.  Ampbtprora  ornata  Bailey.  First  detected  by  him  In  the  Croton 
wat«r,  and  not  uncommon  In  fresh  water  streams  In  the  Eastern  and 
Middle  states.  I  have  found  ft  in  filterings  from  takes  Erie  and  Michi- 
gan; one  gathering  from  New  Jersey  has  frustuleb  nearly  double  tbe  nor- 
mal length.  Bailey's  figure,  from  Withlacoocbe  river,  Florida,  is  a  rough 
outline;  Mic  obs.  Smith  Cont.  1850,  PL  2,  f .  15.  la  the  list  of  Croton  dia- 
toms he  considers  It  a  Faludusa.  I  have  never  found  It  except  contorted . 
The  general  aspect  is  byallDe,aDd  the  endocbrome  very  delicately  colored, 
and  resembling  in  its  arrangement  that  of  a  Nitzschla.  Not  common  In 
the  deposit  and  only  liroken  frustules. 

No.  3.  Amphora  ovalis  K.  Occurs  atiundantly  In  the  living  form  and 
Is  cosmopolitan  and  not  uncommon  In  sub-peat  deposits.  Ehrenberg  de- 
scribes and  figures  it  as  A.  glgss  in  Abb.  der  KOoigl.  Akad,  1870.  from  a 
deposit  near  Salt  lake,  Utab,  where  it  Is  found  associated  with  Surtrella 
crennlata  E,  our  No.  9P.    Not  rare  In  tbe  deposit. 

No.  4.  Campyludiscus  clypeus  E.  1  found  only  a  few  fragments  of  this 
diatom  in  tbe  deposit.  It  occurs  living  at  Petalume,  Oal.,  and  prohabiy 
may  be  found  in  other  western  localities.  I  have  not  obsi-rved  It  In  any 
gatherings  from  the  great  lakes. 

No.  5.  Cocconels  llneata  E.  Probably  a  variety  of  C.  placentula,  which 
Is  found  in  nearly  all  fresh  water  streams  and  ponds,  densely  Incrusting 
stems  of  algie.  leaves  of  Potamogeton,  etc  It  Is  very  variable  in  size;  the 
larger  forms  are  probably  sporanglal.  The  valves  are  generally  broadly 
oval,  and  unlike:  onc.tbe  lower,  has  median  line  and  nodule.    Common. 

No.  6.  Cyclotellakutzlnglaoa.  Exceedingly  abundant  in  thls>^eposIt 
and  of  very  variable  size.  C.  meneghlolana  Is  a  mure  undulated  form  of 
this,  and  0.  rectangulata  Is  doubtfully  distinct.  The  frustule  Is  undulate 
In  front  view,  and  tbe  valve,  In  s.  v.,  shows  this,  especially  tbe  lai^r  ape- 
'cImcDs,  by  a  shaded  band  across  a  diameter,  or  a  little  one  side  of  a  dia- 
meter, and  it  is  more  or  less  apparent  on  all  the  valves.  It  Is  found  every- 
where living,  and  Is  common  In  almost  all  sub-peat  deposits.  Great  con- 
fusion exists  In  the  species  of  this  genus. 

No.  1.  Cymatopleurabibernlca  W.  S.  This  diatom  Is  not  very  com- 
mon, though  I  have  found  it  living  in  gatherings  from  lake  Erie,  and 
also  in  fresh  water  deposits  in  the  Eastern  states.  It  Is  rare  In  tbe  Uin- 
nesota  deposit,  and  I  found  no  whole  frustules. 

No.  8.  Cymbella  aequalls  W.  S.  Tbis  pretty  tittle  diatom,  which  re- 
sembles a  Navicula,  is  fairly  abundant  in  the  deooslt.  It  has  somewhat 
sharper  ends  than  Greville's  figure,  Ann.  &  Mag.  14'at.  Hist.  April  1885. 
PI.  U,  flg.4.  He  describes  It a^  having  the  strife  fine,  but  not  clote,  and 
shows  them  in  the  figure  rather  too  strongly  marked.  He  found  It  In  a 
peat  deposit.  It  does  not  occur  very  frequently  In  the  U.  S.,  nor  do  I 
recollect  ever  meeting  with  It  In  gatherings  from  the  great  lakes.  It 
occurs,  however,  fairly  abundant  near  Richmond,  Va. 
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No,  9.  Cymbella  afflnls  K..  A  small  form,  ccmmoQ,  but  not  abundant 
in  this  deposit.  The  OymbellefB  are  generally  present  in  all  our  sub-peat 
deposits,  ttcd  occur  extensively  in  the  living  condition  in  almost  all  fresb 
water  gatherings.  The  distinction  formerly  made  into  Cocconema  and 
Cymbella,  based  on  tlie  presence  of  a  stalk  or  stipe  for  the  former,  is 
now  properly  abandoned;  though  Encyonema,  generally  found  la  tbe 
living  condition  In  tubes,  and  which  otherwise  would  fall  Into  this 
genius,  is  yet  retained.  There  U  much  conrusion  among  these  smaller 
forms  of  Cymbelleie.  Thus,  I  have  specimens  marked  by  Brebisson  as  C. 
afflnls,  which  are  G.  veotricosa  £.— Bncyonema  ventricosum,  which  Is 
also  C.  ventrlcosa  of  Ag.  Rut.  Diat.  Eiz.  No.  24,  and  given  by  Babeoborst 
as  a  brackish  species.  C.  afSnls-has  a  curved  median  line,  extending  to 
the  extremities  of  the  valve,  while  that  of  the  Encyoaemese  Isstraigbt, 
or  very  nearly  so. 

No.  10.  Cymbella  clstula  E.=Oocconema  W.  S.  This  diatom  occurs 
plentifully  in  the  deposit.  It  is  distinguished  from  0.  cymbiformls  by 
tieing  more  bent  or  curved  on  the  ventral  mai^ln  of  the  valve,  and  also 
distinctly  inflated.  How  far  these  can  be  accepted  as  specific  characters 
is  (luestlonable.    It  is  not  difficult  to  find  many  intermediate  specimens. 

No  II.  Cymbella  cuspldata  K.  Common  in  this  deposit,  and  varying 
considerably  in  size  and  distinctness  of  the  produced  ends.  It  is  allied 
to  No.  13,  from  which,  however.  It  differs  la  its  smaller  size  and  finer 
strlatlon.  Both  these  forms  are  common  in  fossil  deposits  and  tn  recent 
gatherings. 

No.  12.  Cymbella  cymbiformls  E.  Common,  and  doubtfully  distinct 
from  No.  10,  from  which  it  dltters  only  in  wanting  nearly  or  quite  the 
inflation  on  the  ventral  margin  of  the  valve,  and  in  being  much  less 
curved.    The  striation  is  about  the  same. 

No.  13.  Cymbella  ehrenbergli  K.  A  large  and  fine  species,  distin- 
guished from  No.  1!  by  its  much  coarser  striation  and  larger  size,  as  well 
as  sharper  ends.    It  Is  not  rare  In  this  deposit. 

No.  14.  Cymbella  gastroldes  K.  This,  and  probably  numerous  other 
species,  constituted  by  Grunow,  EotzluK  and  Ehrenberg,  on  slight 
differences  of  form  or  size,  la  probably  but  a  variety  of  No.  15.  It  is  not 
common  in  this  deposit  and  is  distinguished  mainly  by  ita  blunt  ends. 
C.  stomatophora  Grun.,  which  is  a  variety  oF  this  diatom,  occurs  living  in 
the  great  lakes,  and  numerous  varieties  of  this  and  the  other  Cymbellse 
occur  in  nearly  all  our  sub-peat  deposits. 

No.  16.  Oymbella  la  nceola ta— Cocconema  W.  S-  This  form,  well  figured 
in  S.  B.  D.  tl.  23,  flg.  2IB,  is  the  same  as  the  typical  slide  of  C.  gastroldes, 
Eulensteins  series  No.  93.  It  Is  the  largest  of  the  OymbellesB  found  in 
this  (gathering,  and  is  pretty  abundant,  though  the  frustules  are  mostly 
broken.  It  difTers  In  size  and  coarser  (tuontllform)  striation,  from  Nos. 
10,  12  and  U,  and  may  be  a  sporanglal  form. 

No.  16.  C,  parva  I  have  found  conjugating,  and  the  sporanglal  frus- 
tules were  C.  cymbiformls, and  as  in  the  case  of  Na v.  amphigomphus,I  have 
actually  found  tbesporanglat  forms,  (and  Inthesame  gathering)  conjugat- 
Ingand  producing  the  largest  frustules,  N.  iridls.  It  is  quite  possible  that 
these  larger  forms  now  designated  C,  lanceolata,  and  C.  gastroldes,may  be 
sporanglal  forms  of  C.  cymbiformls  or  C.  clstula,  and  that  Nos.  10, 12, 13, 
14,  16  and  16  are  but  one  species.    0,  parva  Is  common  In  this  deposit. 
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Ko.  17.  Ofmbella  subaeqnalia  GruQ.  Not  common  Jn  the  deposit, 
Dor  have  I  observed  it  Id  any  other  of  the  sub-jteat  deposits,  or  recent 
gathering.  Its  occurreace  therefore  though  rare  ia  this  particular  de- 
poslt.ls  [nterestinfc.  The  figure  given  by  Vao  Heurcks.atlas  Pi.  Ill  flg.2  is 
a  good  representation  from  specimens  found  at  Brusseis.  The  valve  ia 
navlculold  with  blunt  ends,  and  dlstipctly  striated. 

No.  18.  Dentlcala  elegans  K.=D.  ocellata  W.  S. :  rather  rare  In  this  de- 
posit. It  is  dlstlngaisbed  b;  the  rounded  ends  of  the  valves;  aqd  the 
strong  pervious  transverse  costae  or  ribs,  give  it  the  ocellated  appearance, 
which  distinguishes  it  from  other  species.  This  form,  and  the  next,  with 
many  of  the  Eplthemiae,  abounds  in  the  thermal  waters  of  the  National 
Parle. 

No.  19.  Denticula  tenuis  K.  Uore  abundant  than  the  preceding,  but 
not  common.  It  is  frequently  fonnd'in  ordinary  fresh  water  gatherings; 
Stria  tion  qolt^  conspicuous. 

No  20.  .Encyonema  csespltosum  K.  A  marked  character  of  this 
genus,  which  after  all.  Is  but  Oymbella  living  in  tubes,  while  the  Oooco- 
nemeae  slip  out  and  the  contracted  tube  forms  a  stipe,  Is  this,  viz,  the 
median  line  in  the  other  forms,  terminates  In  the  ends  of  the  valves, 
while  in  Encyonema,  it  is  nearly  straight  and  terminates  within  the  con- 
vex mai^in  of  the  valves.  This  Is  a  very  conspicuous  feature  In  the  larger 
form,  but  may  be  noted  also  even  In  the  smaller  forms  like  the  present 
one,  which  Is  tolerably  abundant  Id  the  deposit.  It  Is  a  common  recent 
form. 

No.  21.  Encyonema  gracile  E.  This  is  probably  the  Cymbella  scotlca 
W.  S.  It  Is  a  slender  and  somewhat  longer  form  than  the  preceding,  aui] 
more  delicately  striate  and  with  sharper  ends;  It  is  pretty  abundant  Id  the 
deposit. 

No.  22.  Encyonema  prostratum  Berk.  This  is  the  largest  and  most 
robust  form,  coarsely  moaillform  striate,  and  exhibiting  In  a  marked  man- 
ner the  peculiar  features  of  the  median  line  already  alluded  to.  It  Is  not 
abundant  In  this  deposit,  nor  Indeed  In  any  of  oursub-peat  deposits.  It  Is 
not  uncommon  In  recent  gatheiiogs. 

No.  23.  Encyonema  turgidum  Gregory.  This  diatom  is  common  In 
the  deposit;  it  has  sharp  ends,  and  is  coarsely  monlllform  striate. 

No.  24.  Encyonema  veotrfcosum  K.  Smaller  than  the  preceding;  tbe 
■eodi  are  sllgbtty  produced;  it  is  C.  alflnle  of  Bret.,  and  C.  ventrlcosa  Ag. 
It  la  very  variable  in  size;  some  frustules  are  smaller  than  those  of  No  20, 
but  uDlike  these  latter,  they  are  almost  straight  on  the  vertical  margin- 
abundant. 

No.  25.  Epithemla  alpestrfs,  W.  S.  This  is,  no  doubt,  a  variety  of  No. 
26,  and  also  £.  argus,  as  already  suggested  by  Dr,  Walker- A rnott.  Micro- 
scopical Journal,  Vol.  VII,  1859,  flg,  174.  They  are  all  distinguished  in 
front  view  by  a  series  of  inter-margloed  ocelli,  or  foramina,  as  they  are 
termed  by  W.  g., though  they  are  not  openings  at  all,but  siliceous  nodules, 
and  fromtbese  "ByeB"comes  the  specific  name  aigus.  E.  alpestris  was 
separated  as  having  produced  somewhat  recurved  extremities,  and  nearly 
straigbt  sides  In  f.  v.  Not  rare  in  this  deposit. 

No.  26.  Epithemla  glbba  K.  This  diatom  is  not  as  abundant  as  the 
preceding,  and  the  valves  are  mostly  broken.  It  is  quite  distinct  from 
the  other  Eplthemiae,  for  while  these  latter  are  adherent  by  the  concave 


,Goo»^lc 


300  TWENTIETH  ANNUAL  BEPOBT 

margiD  of  the  frustule,  to  the  stems  of  coDfervte,  ia  the  IlvlDg  condltloa; 
Eplttaemla  clbba  adheres  by  one  end.  It  Is  further  diBtiDguisfied  by  the 
abseoce  of  granules  oo  the  valves,  as  Id  the  other  species. 

No.  27.  EpltheiDlagraaulata  K.  This  form  Is  perhaps  the  most  abund- 
ant of  the  Epithemlae  In  the  deposit, and  Is  cbaracterl7,ed  by  Its  long  arched 
valves  and  slightly  produced  enda^  and  It  appears  to  be  somewhat  more 
finely  striated  and  granulated  than  No.  30,  of  which,  however,  It  may  be 
a  variety. 

No.  28.  Eplthemla  ocellata  K.  The  inflated  frustuies  and  blunt,  noin 
produced  ends,  served  to  separate  this  from  No.  25.  As  already  remarked 
these  are  features  of  doubtful  specific  value.  Thlediatom  Is  much  less 
common  in  the  deposit  than  No.  25. 

No.  29?  Epltbemia  probuscldea  K.  There  appears  to  t>e  some  doubt 
about  the  E.  proboscidea  of  W.  S.  bbtng  this  form,  as  the  latter  Is  more 
coarsely  marked  and  the  valves  are  much  more  arched,  and  the  ends 
more  produced  and  recurved.  The  examination  of' W.  Smith's  original 
specimens  shows  that  it  is  quite  disllnct  from  our  present  form. 

No.  30.  Epithemla  turgida.  This  is  doubtfully  distinct  from  No.  27. 
Valves  somewhat  more  arched,  and  apparently,  not  really,  more  coarsely 
granulated,  and  the  ends  are  somewhat  more  recurved.  It  la  not  as  com- 
mon in  the  deposit  as  No.  27. 

No.  31.  Euuotla  arcus  E.  This  Is  not  the  Eunotla  arcus  W.  S.  which 
is  a  very  different  diatom, but  it  Is  Himaodidlum  arcus  W.  S.,  a  name  giv- 
en to  the  species  of  the  genus  which  cohered  alter  self  division,  forming  a 
a  ribbon  or  filament  of  frustulea,  a  character  considered  now  of  no  specific 
value.  E.  arena  is  very  variable  in  size  and  outline,  It  is  generally  arched, 
somewhat  mure  convex  on  the  dorsal  margin,  and  has  produced  ends; 
the  ventral  margin  is  nearly  straight  and  the  valve  la  transversely  and 
conspicuously  striated.  It  Is  very  abundant  In  the  deposit  and  occurs 
plentifully  in  the  mauy  sub-peat  deposits. 

No.  32.  Eunotla  arcus  var.  bldens  Orun.  This  variety  is  common, 
and  is  also,  like  E,  arcus,  variable  in  size. 

33.  Eunotia  formica  E.  differs  from  No.  31  In  having  the  ventral  or 
concave  margin  of  the  valve,  sharply  undulated  at  the  middle.  It  Is  the 
Himandldium  undulatum  of  W.  S.  and  ia  not  uncommon  in  the  deposit. 
It  is  very  variable  in  size. 

No.  H.  Eunotia  Inclsa  Oreg.  This  Is  a  small  form,  more  delicately 
striated  than  the  preceding,  and  Is  rather  abundant  in  the  deposit.  It 
occurrs  In  (ratherlngs  and  fossil  deposits  of  high  latitudes  in  great  abund- 
ance. The  valves  have  a  decided  little  notch  near  the  ends,  on  the  con- 
cave or  nearly  straight  margin.  This  notch  Is,  in  the  other  EunoUse, 
replaced  by  an  Inter-marglnal  nodule. 

Ho.  35.  Eunotia  major  W.  tj.— Hluantldinm  W.  S.  It  ts  doubtful 
whether  this  ia  anything  more  than  a  large  variety  of  E.  arcus.  It  Is 
abundant  In  the  deposit. 

No.  38.  Eunotia  pectinalls  K.  This  diatom  is  hut  a  variety  of  E.  areas. 
It  was  called  Himandidium  pectinale  by  W.  S.,  and  the  frustulea  do 
adhere  very  firmly;  but  It  differs  In  no  way  from  £.  arcus  except  to  have 
the  dorsal  margin  of  valve  flat,  or  even  slightly  indented,  and  It  ts  gener- 
ally somewhat  smaller.    Common. 
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No.  37.  Fragilaria  coDstrueaa— stauroslrs  E.— OdoDtldlum  tabellaria 
W.  S.  ValTeasmall.hrallD.aDdlDflabed.snmetinieBsoamall  as  to  resemble 
a  BnuiU  cross,  and  not  unlike  small  specimens  of  Tabellarla  flocciilosa 
with  which  It  has  been  confounded;  It  occurs  In  filaments  of  5  to  10  Erus- 
tules  la  the  prepared  slides,  and  is  not  rare.  'An  abnormal  form  of  this, 
and  found  odIj  in  a  single  gathering  at  nrmsby,  ling.,  wanting  one  of  the 
arms  ol  the  cross,  was  called  by  W.  Smith  Triceratium  exiguum;  along 
with  It  tn  the  same  gathering  was  an  abundance  of  the  normal  form  with 
both  the  Inflated  and  the  staurlnlform  valves.  It  is  not  rare  In  both 
forms  In  the  Minnesota  deposit.  The  inflated  TalvesareKutzlag's  Narl- 
CulainflBta,K.  B.Tab.3  Qg.36.  Odontldiumparasitlcum  W.S.^Fragllarla 
binodls  E.  is  pinbabl;  this  diatom. 

No.  33.  Fragllarla  vlresceos.  Not  rare  to  the  deposit,  both  the  valves 
with  constricted  ends  and  filaments  of  a  few  frustules. 

No.  39.  Gomphonema  abbreviatum  E.  This  small  form  Is  not  nncom- 
moD  In  the  deposit,  the  strl^  are  marginal,  and  easily  seen;  it  may  be  a 
very  small  form  of  No.  43.  It  is  dlflBcult  to  decide  whether  this  is  Kut- 
2ing*8  species. 

No.  40.  Gomphonema  acuminatum  K.  The  Gomphonemte  are  qnit« 
abundant  in  this  deposit;  and  intermediate  forms,  between  species  con-  . 
stituted  by  Ehrengbei^  and  many  of  the  contloental  observers,  are  not 
rare.  The  present  form,  however,  Is  well  marked,  quite  variable  In  size, 
and  readily  recognized.  Nos.  47  and  48  are  probably  slender  varieties  of 
the  present  diatom. 

No.  41.  Gopmbonema  breblsonil  K.  This,  which  Is  a  large,  well 
marked  variety  of  the  preceding,  and  Is  probably  same  as  G.  turris  E., 
occurs  in  considerable  abundance  in  this  deposit.  It  is  a  marked  variety, 
and  possibly  a  distinct  speciifs.  It  occurs  living  in  the  great  lakes  and 
their  tributaries,  aa  also  all  the  other  forms  In  this  list. 

No.  42.  Gomphonema  capitatum  E.— G.  elevatum  E.  This  diatom  Is 
very  abundant  In  the  deposit,  and  also  llvlDg  In  the  great  lakes.  A  iaige 
variety  has  been  called  G.  herculeaoum  by  Ehreubei^,  and  G.  oregonicum 
B.  and  G.  glganteum  E.  are  probably  varieties,  as  also  Grunow'sG,  robus- 
tum.    It  is  very  variable  In  size  in  the  deposit. 

No.  43.  Gomphonema  commutatum  Grun.,  occurs  abuudantly  la  the 
deposit.  I  have  not  observed  It  llvlag.  It  la  more  conspicuously  striated 
than  the  smaller  forms  of  the  preceding:  atrin  marginal;  it  is  allied  to  O. 
vibrlo.and  except  In  the  somewhat  greater  breadth  of  the  valve  is  uot  to 
be  distlngalshed  from  No.  46. 

No.  44.  Gomphonema  constrlctum  E.  The  pasij^e  from  No.  42  into 
this  form  is  very  easy,  the  capitate  head  is  more  constricted  and  rounded, 
and  intermediate  forms  are  not  rare.  It  occurs  in  the  deposit  about  as 
freqnently  aa  G.  capitatum  and  is  a  common  form,  living  In  nearly  all 
f  reeh  waters. 

No.  4S.  Gomphonema  cristatum  Rails.  This  is  an  Intermediate  form 
between  the  last  and  No.  40.  Not  as  frequent  Jn  the  deposit  as  the  latter 
and  generally  smaller. 

No.  46.  Gomphonema  intrlcatum  K.  Grunow's  G.  commutatum  Is 
allied  to  this,  and  G.  hebrldense  of  Gregory  Is  probably  the  same.  The 
strlsaremai^inaland  the  central  nodulelsalmostmidway  from  the  ends 
of  the  valve,  in  this  respect  diSering  from  the  normal  G.  commutatum; 
but  Intermediate  forms  are  abundant  In  the  deposit. 
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No.  47.  GompboDenia  subtile.  This  ia  a  very  slender  form  of  O.  cod- 
strlctum,  and  so  also  is  No.  48,  and  both  should  be  considered  as  rartetles. 

No.  4ft.  Masto^loia  grevlllel  W.  S.  This  diatom  is  somewhat  rare  fa 
tbe  deposit  and,  so  far  as  I  am  aware,  has  not  been  found  in  any  other  of 
our  fosstl  deposits,  or  Indeed  in  any  gatherings  from  the  western  lakes. 
It  is  a  small,  coarselj'-marked  form,  valves  with  cuneato  ends,  and  the 
peculiar  inflation  Qgured  in  tbeBritlshI>latoniace(e,Supp.  pi.  LXil,fig.3e9a, 
on  the  under  surface  of  the  valves  near  the  ends,  is  quite  apparent.  Tbe 
frustules  found  in  the  deposit  are  all  smaller  than  tbe  original,  found  at 
Portland  hilts  by  Dr.  GrevlUe,  but  otherwise  agreeing  completely. 

No.  50.  Mastoglola  smilhll  W.  S.  This  diatom  is  rarer  than  the  last  In 
the  Minnesota  deposit.  It  Is,  however,  a  much  more  common  form  tn 
fresh  water  gatherings.  As  found  In  tbedeposltthe  valves  aresomewhat 
narrower  and  with  sharper  ends  than  the  normal  form.  The  loculi  are 
conspicuous  and  the  striatlon  much  finer  tban  that  of  M.  )^evjllel. 

No.  51.  Meloslra  crenulata  K,  The  absence  of  Melosireae  from  the 
Minnesota  deposit  is  a  marked  feature,  inasmuch  as  tbe;  constitute 
tbe  larger  portion  of  many  of  the  Oregon,  California  and  other  fossil 
deposits  of  tbe  Pacific  coast,  and  they  occur  abundantly,  living  In  all 
our  fresh  waters;  but  few  frustules  were  found  of  this  diatom.  It  Is 
probably  but  a  variety  of  M.  nicbatcea  (orthosira)  W.  S. 

No.  53,  Meloslra  tympanum  E.?  It  Is  somewhat  doubtful  whether 
this  is  the  form  described  by  Ehrenberg  as  occurring  in  the  fossil  deposit, 
Truckee  river,  California,  but  tbe  few  valves  which  I  have  found  agree 
well  with  bis  figures. 

No.  63.  Navicula  acuta  W.  .S.  Not  very  abundant  in  this  deposit 
though  not  rare. 

No,  54.  Navicula  amblgua  E.,  rather  rare  In  tbe  deposit;  the  crati- 
culate  form  is  somewhat  more  abundant;  perhaps  this  may  be  owing 
to  tbe  striking  character  of  the  latter,  which  makes  it  so  much  more 
conspicuous.  These  craticulate  forms,  arise  from  the  persistence  of  the 
Bporangial  sheath  which  envelops  the  fnistule.  Tbe  striatlon  on  the  valves, 
can  be  detected  in  under  this.  The  ribs  on  the  sheath,  are  much  more 
pronounced  In  this  form,  and  tn  No.  61  to  which  It  Is  closely  allied, 
than  tn  any  other  of  the  Naviculese.  N.  breblasonil  perhaps  comes 
nearest,  and  a  new  genus  Pertzonlum,  was  constituted  to  receive  the 
craticulate  variety  of  this  diatom,  which  was  called  P.  braunit.  I  have 
observed  these  rit>-like  markings  in  the  sporangtal  sheaths  of  N.  vtridls, 
but  none  are  so  conspicuous  as  these  of  N.  antiqua  and  N.  cuspidata. 
The  genus  Stlctodesmls  of  Greville,  appears  to  be  founded  upon  this  char- 
acter, and  I  have  observed  it  In  a  small  marine  form,  no  ways  differing 
from  actiqua.  The  resemblance  of  these  craticulate  markings  to 
those  of  Surlrella,  Induced  W.  Smith,  in  the  mrtlah  Dlatomeceae,  to 
figure  and  describe  our  No.  62,  as  Surlrella  cratlcularls. 

No.  56.  N.  amphigomphus  E.  This  Is  a  variety  of  N.  iridis  E.  with 
wedge  shaped  ends.  The  typical  N.  iridis  is  precisely  like  N.  flrma,  No. 
66,  but  lai^er.  It  is  not  rare  in  the  deposit,  and,  like  all  the  varieties  of 
N.  iridis  is  finely  striate,  and  shows  apparently  a  few  tntra-marglnal 
lines  parallel  with  the  sides  of  the  valve.  All  tbe  varieties  are  comimon 
in  our  sub-peat  deposits. 
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No.  57,  Naviciila  ampbirttynchus  E.  This  variety  of  N.  iridls, 
wblcb  scarcely  differs  from  N.  producta,  is  cbaracterised  by  the  produced 
ends.  It  is  not  rare  Id  the  deposit.  The  ends  ot  the  valve  are  blunt  and 
there  Is  a  blank  space  around  the  central  nodule. 

No.  58.  Navicula  bacillum  £.  This  smal!  and  somewhat  hyalloa  dia- 
tom U  DOt  rare  in  the  deposit.  The  valve  has  round  ends  and  strait;bt 
sides,  and  a  distinct  median  line,  with  a  blank  space  around  the  ceotral 
nodule;  etrlatlon  fine.  It  occurs  In  many  of  the  easleru  sub- peat  depo- 
sits. I  have  not  observed  it  living  In  auy  gatherings  from  the  great  lakes, 
but  It  is  abundant  la  some  of  the  fresh  water  ponds  of  the  Kew  England 
states,  and  in  fossil  deposits  from  Sweden  and  Norway.  N.  baclllarls, 
Grey  is  smaller  and  more  flnely  marked,  and  is  without  the  central  blank 
space. 

No.  59,  Navicnia  borealis  B.  K,  This  small  and  coarsely  marked  dia- 
tom. N.  latestrlata  of  Greg.,  is  usually  found  among  damp  mosses  on 
trees;  It  is  not  rare  In  the  Minnesota  deposit. 

No.  60.  Navicula  braunll  Grev.  A  small  form,  allied  toN.  gibba,  and 
tolerably  abundant  In  the  deposit:  the  valve  is  Inflated  and  has  constricted 
and  rounded  ends;strlie  marginal. 

No.  61.  Navicula  cuspidata.  K.  This  line  diatom,  which  occurs  plenti- 
fully in  recent  gatherings  and  io  many  sub-p.'at  deposits;  is  not  very 
common  In  the  Ulunesota  deposit.  The  craticutale  form  appears  Vo  be 
somewhat  more  plentiful,  and  is  a  very  striking  object,  and  generally  a 
little  larger  than  the  diatom  as  usually  met  with.  As  already  remarked 
under  No.  54  this  form,  our  No.  62,  was  called  Surlrellacratlcuia  by  W. 
Smith.    The  valves  are  flnely  but  distinctly  striate. 

No.  63.  Navicula  dactylus  E.  Distinguished  from  N.  Iridls  by  Its 
size  and  coarser  pinnx,  and  from  N.  major  and  N.  Dobills  by  its 
straight,  Dot  Inflated  sides.  Whether  these  features  warrant  a  new 
'  species  Is  questionable.  The  distinction  Into  FlDDularia;  and  NaviculEsi 
the  former  having  smootb  (apparently)  ribs,  or  pinnae,  and  the  latter 
atri%  made  up  of  fine  dots  Imonlliform),  Is  now  abandoned,  and  all  are 
termed  Navlculee.  The  species  mentioned  above  are  very  common  In 
sub-peat  deposits  and  In  recent  gatherings.  The  marine  forms  with 
smooth  ribs  are  comparatively  few. 

No  64.  Navicula  dicephala  E.  This  IsthePinnularJabicepo  of  Gregory, 
who  supposed  It  new,  but  this  name  "biceps"  had  already  been  given  by 
Kutzlog  to  a  different  diatom,  and  as  Ehrenberg  baa,  no  doubt,  given  the 
name  ''dicephala"  to  several  entirely  different  forms,  one  of  which  is  the 
"dicephala"  of  W.  Smith  and  our  No.  65,  perhaps  It  would  be  better  to 
adopt  L^eratedt's  name  and  call  the  present  form  N.  bicapltata.  It  Is 
a  well  marked,  though  not  large  form,  with  straight  sides  and  con- 
stricted rounded  ends, [not  unlike  a  "rolliogpin"),  it  is  dictlnctly  striate, 
aod  is  fairly  abundaut  In  the  deposit. 

Ho.  65.  Navicula  elglneusls  Greg.  This  Is  the  N.  dicephala  of  W. 
Smith;  it  Is  smaller  than  the  preceding,  and  the  valve  not  unlike  it  in 
outline;  the  sides  are  generaHy  a  little  incurved,  and  there  Is  a  x>ecullarlty 
Id  the  appearance  of  the  central  nodule,  which  at  once  distinguishes  it 
from  No.  64,  which  has  a  blank  space  around  the  nodule,  absent  in  this 
form.  This  striatlon  Is  rather  coarse.  It  is  about  as  abundant  In  the 
deposit  as  No.  64.  " 
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No.  66.  Navicula  flroia.  Tbis  Is  a  smaller  form  of  N.  Iridis,  and  not 
rare  la  the  deposit. 

No.  67.  NavIculafootinallBOrun.  lam  not  quite  certain  tbat  this 
small  diatom,  which  is  very  rare  In  the  deposlt.UQmnow'a  species.  About 
a  third  of  the  length  of  the  valve,  themlddle  portion  is  blank,  giving  the 
Impression  of  a  wide  stauros. 

No.  68.  Navlcnla  uastrum  B.  rar.  styrlaca  Grnn.  This  floe  diatom, 
wblch  is  not  uncommon  in  the  deposit,  reminds  one  at  flrsl  glance  of 
Stauronels  punctata.  It  is,  however,  lartier  and  much  more  coarsely 
marked.  The  ends  are  produced  in  this  variety,  rather  more  than  Id  the 
normal  N.  gastrum,  only  oue  specimen  of  which  I  obaerved  la  the  pre- 
pared slides.  Theatrisareabsent  from  the  center,  much  as  In  Staurooels 
punctata.  It  is  a  characteristic  form  In  tbe  deposit,  and  I  do  not  recol- 
lect observing  it  in  any  other  of  the  aub-peat  deposits,  or  even  In  any  re- 
cent gatherings.  The  normal  form  of  N.  gastrum,  a»  figured  by  DooklD, 
has  been  found  by  Thomas  and  Chase  in  the  water  supply  of  the  city  of 
Chicago,  from  lalieMichltran. 

No.  S9.  Kavicula  hemlptera  B,  Not  rare  in  the  deposit;  It  is  a  small 
form,  strife  marginal, uubllne  of  valve  like  N.  Iridis, but  somewhat  narrow 
in  proportion  to  length. 

No.  70.  Bavicula  hitchcoclcii  E.  Quite  abundant,  and  rather  larger 
than  tbosewhichi  have  found  in  the  eastern  sub-peat  deposits,  orio  re- 
centgatberings.  It  has  a  hyaline  aapect  and  Is  allied  to  the  variety  of 
N.  limosa,  called  "glbberula"  by  Kutzlng.  The  enda,  however,  and  central 
InflfttloD,  sharper;  but  it  must  be  confessed,  that  some  small  forms  of  N. 
gibberula,  approximate  very  closely  to  it. 

No.  71.  Naviculs  Interrupta  W.  S.  This  is  not  theN.  laterruptaof 
Kutzing,  which  Is  only  a  variety  of  N.  didyma  E.;  we  may,  therefore,  re- 
tain W.  Smith's  name,  lleally,  this  species  is  a  staurinelform  variety  of 
our  No.  61,  and  exactly  like  it  In  every  respect,  except  the  central  blank 
space  or  stauros  which  characterizes  the  pre^nt  form.  It  Is  not  so 
abunlaot  In  the  deposits  as  No.  61.    Nos.  80  and  81  are  similar  examples. 

No.  72.  Navicula  laevlselma  K,  Stauronels  recta  ngu  I  aria  Gregory.  A 
smaller  form  than  N.baclllum,  to  which  it  has  a  remote  resemblance,  but 
the  margins  of  the  valves  are  slighUy  undulate  and  the  strlatlon  some- 
what coarser,  and  insbeaii  of  the  circular  central  blank  space  there  is  an 
aramrement  of  the  central  striae  giving  the  impression  of  a  sort  of 
stauros.     It  is  fairly  abundant  In  the  deposit. 

No.  73.  Navicula  lata  Breb.  This  diatom  is  somewhat  rare  In  the  de- 
posit, and  at  once  recognized  by  tbe  very  course  and  distant  pinnae;  N. 
borealls  is  protiably  a  very  small  variety.  I  have  aot  observed  it  in  any 
recent  gatherings,  but  It  Is  found  in  some  of  the  fossil  sub-peat  deposits 
of  New  England. 

No.  74.  Navicula  tcgumen  E.  This  line  diatom  is  also  rare  in  the  de- 
posit. The  valve  has  three  -distinct  undulattoos  and  rounded  ends;  the 
strjie  are  radiate,  not  reaching  the  median  line,  and  there  Is  a  laige 
central  blank  space,  or  pacudo-slauros  around  tbe  central  nodule. 

No.  75.  Navicula  limosa  K.  This,  and  its  varletiesarecomraon  in  the 
deposit.  It  belongs  to  tbe  N.  iridis  group,  and  is  distinguished  by  the  in- 
flation at  the  middle  of  the  valve. 

No.  7fi.  Is  a  variety  of  the  preceding,  with  smaller  and  sharper  ends 
and  somewhat  deeper  const!  rctlons. 
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Ko.  IT.  Navicula  ventrlcosa  B.— DoDk.  Smaller  than  N.  Ifmoaa,  aad 
less  Inflated,  the  sides  of  the  valves  are  nearly  glralght;  it  is  characterized 
bj  having  a  transverse  blanic  apace  around  the  central  nodule,  and  is  not 
as  common  as  Nob.  75  and  76. 

Ko.  78.  ;Navicula  ludloviana  A.  S.  This  fine  diatom  has  a  resem- 
blance to  N.  peregrina,  which,  however,  is  a  marioe  species;  it  is  charac- 
teristic or  the  Minnesota  deposit.  It  is  about  theaizeotN.  peregrina,  but 
has  a  larger  blanic  apace  at  the  central  nodule.  It  is  found  in  fossil  deposits 
atShasta,Californla,  and  Is  Qgnred  in  Schmidt's  Atlas;  striae  radiate  con- 
spicuous and  not  reaching  the  medium  line. 

No.  79.  Navicula  major  E.  A  large  form  pretty  abundant  In  tbe  de- 
posit, and  di  Bering  fromN.  tridis  and  N.  dactylus  by  having  the  valve 
Inflated  at  the  middle. 

No.  80.  Navicula  mesolepta  E.  This  is  fairly  abundant  fn  the  depos- 
it. It  has  tbree  central  inflations  and  Is  deeply  constricted  towards 
the  obtuse  extremities.  It  is  N.  nodosa,  B,,  a  form  confounded  sometimes 
with  N.  l^umen,  and  the  latter  may  possibly  be  a  sporanglal  form  of 
tbis  diatom. 

No.  81.  Navicula  mesolepta  var  Btaurlniformls  E.  Exactly  liice  No. 
8D,  with  the  exception  that  this  variety  has  a  distinct  central  blank 
[stauros).    It  is  Dot  quite  as  common  I  n  the  deposit  as  No.  60. 

No.  S2.  Navicula  nobills  E.  K.  This  is  a  very  large  form  of  N.  major, 
and  not  rare  in  the  deposit,  though  the  frustnles  are  generally  broken. 

No.  8^  Navicula  slesvlcencis  Orun.  This  diatom  is  probably  a  variety 
of  N.  virldula,  and  is  pretty  abundant  In  the  deposit.  The  striatiou  In 
our  form  is  somewhat  more  radiate  than  InOrunow'sspecleSiandtheends 
are  a  little  more  produced;  but  in  the  main  it  agrees  so  closely  with  speci- 
mens from  Grunow,  tbat  I  have  little  hesitation  in  adopting  bis  name. 
The  valves  are  slightly  Inflated  and  atriae  distinct. 

No.  81.  Navicula  trinodia  Lewis.  This  ia  not  the  N.  trinodls  of  W. 
Smith,  which  is  very  much  smaller  and  has  rounded  ends,  and  was  con- 
sidered by  Dr.  Arnott  as  Achnanthidium.  The  present  form  was  flrst  fig- 
ured by  Lewis,  In  Notes  on  New  and  Bare  Species  of  the  United  States  Sea- 
board. Phil.  1861,P1.  II  flg.  6.  His  flgure  shows  the  stria  too  plainly,  (or 
It  has  a  hyaline  aspect,  and  is  not  very  rare  In  many  recent  gatherings. 
The  constrictions  are  very  much  deeper,  and  the  ends  sharper  than  in  N. 
gibbenila:  It  la  more  Hlte  N.  hitchccckli.  but  amaller,  and  more  deeply 
constricted.  It  la  rare  in  this  deposit,  but  is  found  In  some  of  the  east- 
ern sub-peat  deposits. 

No.  65.  Navicula  vlridis  K.  Abundant,  and  variable  in  length  and 
breadth;  ends  of  valve  round,  and  sides  scarcely  Inflated;  strife  or  pinuie 
conspicuous. 

No.  b6.  Navicnla  virldula  K.  Common  in  the  deposit,  and  variable  In 
size;  valves  inflated  and  with  punctured  ends.  It  is  one  of  the  com- 
monest of  our  fresh  water  forms. 

No.  87.  Navicula  vulptna  K.  This  diatom,  which  is  not  rare  In  the 
deposit,  resembles  N.  ludloviana,  but  is  somewhat  more  finely  striate  and 
with  sharper  ends,  and  wants  the  central  blank  space. 

N0.S6.  Navicula  winchelliana,  n.  sp.,  H.  L.  S.  This  small,  but 
well  marked  diatom,  Is  not  very  rare  in  the  Minnesota  deposit.  It  has 
been  flgored  by  Donkln  Brit.  Diat.,  pi.  in,  flg.  9,  as  N.  inflataof  Kutzlng. 
An  examination  of  Eutzing's  figurcon  the  Santa  Fioredeposit  in  which  he 
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fouod  tt,  would  have  sbonD  that  KutzlDg's  diatom  was  Stauroilra  con- 
stniens.  TlieN.  iDllabaot  W.  Smitb  Is  Bblll  another  form  fonnd  In  the 
Peterhead  deposit,  and  quite  distinct  from  the  present  one  which  Donkln 
quotes  as  found  In  the  Lough  Mourne  deposit.  The  latter  agrera  In  all 
respects  with  our  form,  and  Is  well  figured  bf  Oonkia.  It  Is  characterised 
by  having  the  two  or  three  central  strlffl  somewhat  stronger  or  farther 
apart  ao  as  to  kIvb  the  appearance  of  a  pseud o-stauros.  No.  253  Cleveand 
Holler,  Nav.  viridula,  v&t.  amplceroa  as  figured  In  Schmidt's  At1as,mlght 
probably  be  mistaken  for  this,  but  wants  the  peculiar  pes ud o-stauros  and 
Is  much  larger  and  quite  dlBtlnct.  As  the  specific  name  Inflata  must  be 
retained  for  W.  Smith's  form,  I  name  the  present  one  after  Prof.  Winchell, 
who  discovered  the  deposit. 

No.  89.  Nitzschla  ampbloxys  K.  W.  S.  Not  rare  In  the  deposit,  but 
Tery  variable  in  size.    The  larger  ones  are  generally  broken. 

No,  90,  Nitzschla  ttaermalls.  Less  abundant  than  N.  ampbloxys,  and 
distinguished  by  the  valve  having  strait^bt  or  slightly  Incurved  sides  and 
sharply  constricted  capitate  ends.  The  paucity  o(  Nltzschlie  in  this 
deposit  is  marked. 

No.  91.  Stauroaels  acuta  W.  S.  Nat  uncommon  In  the  deposit.  The 
valve  has  straight  or  somewhat  Incurved  sides  with  sharp  ends,  and 
'presents  a  rtiomboldal  aspect;  striae  distinct.  It  i<>  found  in  recent 
gatherings  with  the  valves  adhering  somewbattenaciously  into  a  filament 
of  six  or  nine  frustnles,  and  is  not  uncommon  In  sub-peat  deposits. 

No.  92.  Stauronels  anceps  E.  This  Is  &  small  form  with  produced 
capitate  ends,  and  finely  striate,  and  is  sparingly  abundant  la  the 
deposit.  There  are  Intermediate  forms  between  this  and  the  next  No  ,  so 
that  it  Is  doubtful  whither  this  Is  not  a  variety.  The  stauros  barely 
extends  to  the  margin  of  the  valve. 

No.  93.  Stauronels  gracilis  E.  Much  like  the  preceding  but  more 
distinctly  striate  and  longer,  ends  of  valves  slightly  produced;  not 
capitate.    This  Is  really  the  parent  frustule  of  S.  phoenlcenteron . 

No.  96.  Surlrella  crenulata  E.  Only  a  few  fragments  of  this  were 
(ound.  It  Is  quite  common  in  the'  fossil  deposits  from  Utah,  and  Is 
figured  by  Ebrenberg,  Abh.  der  Kdnigh  Akad,  1870,  T.  II,  and  fig.  S. 

No.  97.  Surlrella  splendlda  E.  Fragments  only  were  found  of  this 
diatom,  but  more  abundant  than  the  last.  It  is  a  very  common  form  in 
recent  gatherings  and  in  sab-peat  deposits.  No  other  species  of  the 
genus  Surlrella  were  observed  In  the  deposit. 

No.  96.  Synedra  capltata  E.  Broken  frustules  of  this  were  not  rare, 
and  also  of  the  next  species. 

No.  99.  Synedra  longlsslma  and  possibly  of  S.  radians.  They  were  too 
fragmentary  to  decide. 

No.  100.    Tabellaria  fenestrata  K.    Abundant. 
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•THE  PREPARATION  OF  DIATOMACE^. 

BT  DR.  CHRIATOPHEB  JOHNSTON. 

In  all  the  range  of  mioroscopio  research  there  is  couEessedly 
nothing  which  offere  more  eedactiTe  attraction  than  that  depart- 
ment of  botany  which  oomprises  the  DiatomacetB.  Apart  from  the 
exclosiveDeas  with  which  the  mioroacopiBt  makes  his  observations 
and  pushes  bis  inquiries,  there  are  charms  which  attach  to  the  life, 
the  modes  and  the  extent  of  the  reproduction,  and  to  the  vast  re- 
snlta  which  follow  the  maltiplication  of  these  organisms.  There 
is  also  a  pleasing  bewilderment  in  their  large  variety  of  form  and 
dimension,  from  the  grosser  discoids  to  the  almost  infinitely  little 
living  chambers;  and  a  perpetual  delight  afforded  by  their  archi- 
tectural beanty,  and  by  the  marvelous  and  matchless  delicacy  of 
the  designs  scolptnred  apon  the  siliceous  skeletons  of  theii  fnis> 
tules.  The  man  of  science  pauses  in  his  work  to  pore  over  the 
tracery  of  detail,  and  the  philosophic  student  exhausts  resource  to 
effect  combinations  in  objectives  and  in  oculars  which  shall  serve 
to  bring  the  "markings"  into  view  and  to  perpetuate  the  picture 
by  photography. 

However  great  the  interest  which  life,  habits,  and  reproduction 
inspire,  the  structure  and  configuration  of  the  siliceons  part  espe- 
cially command  attention ;  for  this  fiinty  framework,  resisting  time 
and  decay,  alone  endures,  and  is  a  recognizable  integral  in  vast 
strata  of  the  earth's  surface,  while  the  softer  organic  portion,  leav- 
ing the  character  of  the  diatom  to  the  skeleton,  is  caught  up  and 
ntilized  in  obedience  to  the  law  which  compels  organic  matter  to 
iooessant  action,  whether  it  mount  successively  higher  or  fall 
within  the  scope  of  the  humblest  organism.  This  animated  matter 
loses  iia  identity,  and  its  relations  to  particular  forms,  but  the  sili- 
oified  cachet  of  Triceratium  and  of  Coaciiiodiscus  is  as  palpable  in 
the  pillared  rock  or  the  California  stratum  as  in  the  recent  condi- 
tion, or  in  the  softer  "deposits"  of  Nottingham,  Md.,  and  of  Moron, 
Spain,  or  in  the  guano  accumulations  of  the  Chincha  and  other 
islands- 

•'Preparation  of  the  "Diatomaceie"  ought  strictly  to  signify  the 
preservation  of  individaale  or  gronps  of  these  orgtmisms  in  a  per- 
manent way,  and  their  arrangement  in  a  condition  saitable  for 
stndy  and  tntore  reference. .  We  would  begin  with  the  deep  sea- 
soundings  and  end  with  animated  pool  water.  It  is  not  our  pur- 
pose, however,  to  diecnss  at  present  the  various  devices  adapted  to 
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acoomplisli  a  task  so  extended  i  bat  we  desire  to  point  oot  those 
methods  of  isolating  the  silioeoas  parte  of  Diatoms  to  which  ex- 
perience has  given  repntation. 

It  may  be  worth  while  to  premise  b;  stating — what  is,  of  ooarse, 
familiar  to  the  student — that  the  coveted  forms  nre  to  be  mat  with 
in  a  great  variety  of  conditions,  either  swarming  fresh  and  full  of 
lite  in  pools,  ponds  or  estnaries,  clothed  in  fibres  of  green,  brown 
or  yellow,  or  elnstering  together  in  springs,  pnllalating  in  lakes 
and  rivers,  or  tossed  by  the  waves  of  the  great  ocean  itself. 
In  some  of  these  situations  the  Piatomaoeie  become  and  are  the 
pabnlnm  of  myriads  of  beings,  in  whose  bodies,  as  the  Acalephs, 
the  SalpidcB,  the  Molluscs  and  the  HolotkuridcB,  their  silioeous 
remains  are  constantly  found  by  the  microscopiets,  who  nse  these 
and  other  creatures  for  their  dredgers.  They  live  with  and  npon 
other  Algce,  and  are  met  with  in  the  green  ooze  of  Confervotds, 
and  even  among  the  Muscidof. 

As  ancient  or  recently  fossilized,  however,  forming  strata  of  con- 
siderable thickness,  of  widely  different  oonsistency  and  density, 
and  not  nnfrequently  of  wide-spread  geographical  dlstribation,  the 
Diatomaceee  astonish  even  the  workers  in  soienee  by  the  extent  of 
their  proliferation,  and  by  the  uneventful  quiet  of  their  liviug  and 
dying,  apparently  undisturbed  for  whole  ages  in  the  conditions  of 
their  ezistenoa.  Examples  of  these  tedious  and  slowly  cumulative 
formations  may  be  instanced  in  Cassel,  in  California,  in  Jutland 
and  in  Maryland  and  Virginia,  the  latter  furnishing  so  many  varie- 
ties of  configuration  and  such  rare  beauty  in  design  and  ornament- 
ation. One  of  these  diatoms,  the  HeKopelia,  so  much  admired, 
has  been  selected  by  a  distinguished  antiior  to  grace  the  front  page 
of  bis  admirable  work  on  the  microscope. 

It  must  be  apparentthat  no  one  procrnstean  method  of  securing 
the  prize  can  be  made  applicable  in  the  business  of  "preparation." 
The  extreme  delicacy  of  Amphiphura  forbids  the  rough  boiling 
which  Coscinodisciis  invites;  the  free  recent  forms  of  any  kind  in 
"pore  gatherings"  obviously  require  nothing  more  than  the  de- 
struction of  the  organic  part,  else  the  fairy-like  embossing,  as 
shown  in  lines  or  dots,  is  blurred,  or  disappears;  while  the  so-called 
Diatomaceous  "earths"  or  clays  often  tenaciously  resist  the  de- 
liverance of  the  imbedded  gems,  made  adherent  by  a  filmy,  glassy 
cement,  the  product  of  time,  an  alkali,  and  a  portion  of  the  seem- 
ing lithophytes  of  other  epochs.  A  lacustrine  deposit  may  be 
washed  out  clean  with  water,  but  rock  must  be  softened  and  sul- 
phate of  lime  removed  by  boiling  chlorhydric  acid. 
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In  geoeral,  the  bosineas  of  prRpsratiou  iDTolvee  twodietinot  pro- 
eeBBee:  first,  the  liberatioDof  the  diatome  (as  we ehaU  henceforth, 
for  ooQTenieDce,  call  the  ailioeous  ekeletons  of  the  Diatomacece) 
from  all  extraDeoos  matters,  with  the  exception  of  amorphoae  eilex 
or  some  silioates;  and,  secondly,  the  complete  isolation  of  the  di< 
stoma  themaelTes.  The  former  is,  at  times,  toilsome  and  disagree* 
able,  by  reason  of  acid  fames  which  arise  in  its  coarse;  the  latter 
is  tedioas  and,  like  the  other,  time-oonsaming.  Bat  both  call '  for 
a  clear  knowledge  of  method  and  precise  exeoative  manipulation, 
and  both  demand  of  the  operator  an  intelligent  adaptation  of 
means  to  an  end,  and  the  paiience  with  which  the  attainment  of 
the  end  is  made  possible. 

The  simplest  methods  of  cleaning  are  not  always  the  moet  easy, — 
for  example,  the  rescoing  of  diatoms  from  among  the  Polycystinas 
of  Barbadoes, — nor  the  most  complicated  always  the  most  difficalt, 
as,  for  instance,  the  treatment  reqaired  by  a  snlphate  of  lime  gaano 
known  here  as  the  "Algoa  Bay."  Let  as,  however,  attempt  to 
make  the  several  methods  distinctly  comprehensible,  allhnagh  in 
so  doing  we  mo  the  risk  of  emulating  the  tedioasness  of  "neighbor 
Tei^es." 

Apparatus  and  Chemical  Material. — Guided  by  our  experience, 
the  following-named  articles  are  recommended  as  necessary  forthe 
work  of  cleaning  and  isolating  Diatoms,  which  should  be  done  in 
a  chamber  high  above  the  grunnd,  if  possible,  and  not  heated  in 
winter  by  a  fine.  Hot-water  pipes  are  far  better,  as  affording  im- 
manit;  against  dust     We  enumerate: 

German  beaker  glasses  of  different  sizes,  with  a  number  of  small 
ohina  plates  to  serve  as  oovera,  sereral  large  watch-glasses,  or 
shallow  glass  capsules  of  like  shape;  solid  glass  rods  for  stirring; 
small  glafls  tut>es  or  pipettes;  a  sand  bath  and  an  apparai us  for  beat- 
ing; nitric  acid,  cblorhydric  acid,  salphurio  acid, — all  the  best 
"commercial,"  except  the  last,  which  should  be  "C.  P.";  car- 
bonate of  Boila  and  carbonate  of  potassa,  both  d.  P.;  Atkinson's 
alcohol,  freshly  distilled  water,  and  a  copious  supply  of  filtered 
soft  water. 

For  displaying  a  cleaned  sediment  with  the  view  of  securing 
individual  eptcimeoB,  a  number  of  glass  slides  one  and  a  half  inches 
by  foar  inches  should  be  provided;  and  for  the  preservation  of 
finished  work,  or  clean  diatoms,  a  score  of  small  bottles,  with  corks 
already  fitted. 

Finally  a  large  camel's-hair  pencil;  a  few  slender  cane  (reed) 
strips,  to  serve  eventually,  when  pointed  very  finely,  to  pick  out 
single  valves;  a  supply  of  litmus  paper;  a  glass  funnel,  and  Saxony 
filter  paper,  complete  the  category.  ■  ^ 


310  TWENTIETH   A^NNLFAL  BBPOBT 

Method  to  be  Employed. — As  pure  diatomB,  goaao  findinga,  aod 
diatoQiaoaoti?  earths  or  olays  eaoh  require  separate  modes  of  treat- 
ment, let  OS  first  handle  a  gaano  epecimen,  because  some  oE  the 
steps  to  be  trodden  may  be  called  f  andamental,  or  we  may  say  they 
are  of  very  general  application;  still,  they  most  in  certain  instaitoeB 
be  prelnded  by  others,  may  not  be  wholly  needed  in  particular 
cases,  and  are  of  necessity  to  be  followed  by  supplementary  pro< 
cesses  demanded  by  the  peooliar  nature  of  the  products  obtained* 

A  guano,  such  as  the  Chincha  or  that  of  IchaboS,  onght  to  be 
coarsely  sifted  to  free  it  from  pebbles,  feathers,  and  masses  of  crya- 
tallized  snbstances.  The  better  part  is  still,  however,  very  hetero- 
geneous, consisting  of  diatoms  in  Tery  small  percentage,  and  of 
mnoh  extraneoos  matter,  earthy,  salty,  and  ezcrementitial.  Boiling 
water  diBSolves  a  great  part  of  all  these,  and  shonld  be  repeatedly 
applied  to  the  deposit,  and  as  often  suffered  to  stuid  after  stirring, 
BO  as  to  leave  behind  the  insoluble  constituents,  among  which,  of 
coarse,  are  the  objects  of  our  search. 

The  sediment  will  be  materially  leaseued  in  balk  by  a  good  boil- 
ing in  a  solution  of  carbonate  of  soda,  one  ounce  to  the  pint,  which 
dissolves  ntnch  organic  as  well  aa  some  inorganic  matter,  and, 
besides,  sets  free  adherent  diatoms  without  injuring  their  strno- 
tare.     Carbonate  of  potash,  however,  is  not  so  free  from  objection. 

The  residnam.being  drained  apon  afilter,  onght  now  to  be  tmiled 
in  an  eqaal  part  dilation  of  nitric  acid  for  about  ten  minutes  in  a 
beaker  glass,  the  quantity  of  the  Said  being  a  couple  of  inohee  in 
bight  above  a  haJf-inch  of  the  matter  apon  which  it  is  destined 
to  act.  Lime  not  in  the  form  of  sulphate,  and  some  other  ele- 
mente,  are  dissolved  oat  ae  nitratee,  and  must  be  poured  off  in  the 
Bolntion  when  cold  after  stending.  Hot  water  shoald  now  be 
added  freely  to  the  sediment  and  poured  off  after  its  subsidence 
until  all  acid  shall  have  been  removed,  whereupon  the  residuum  is 
to  be  once  more  drained  upon  a  filter. 

The  matter  remaining  is  now  ready  for  pore  nitric  acid,  in  which 
it  is  to  be  boiled  for  five  or  even  ten  minates;  after  which  treat- 
ment, and  before  cooling,  the  whole  must  be  detnged  with  hot 
water.  After  standing,  the  supernatant  liquor  is  to  be  poured  off, 
and  the  refractory  deposit  washed  clean  with  cold  filtered  water, 
and  drained  as  before  stated. 

The  sediment  now  much  reduced  in  quantity,  is  prepared  for 
chlorhydrio  acid,  in  which  it  is  to  be  boiled  for  the  removal  of 
sulphate  of  lime  if  in  moderate  quantity,  perhaps  of  a  small  per- 
centage of  other  matter,  and  of  such  metallic  steins  as  have 
resisted  the  action  of  the  aquafortis.     Besides,  the  chlorine  has 
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bleached  sacli  vegetable  orgaoio  debriB  as  has  escaped  deatrac- 
tioQ,  so  that  the  sediment,  now  oomposed  of  diatoms,  fine  sand  and 
silioeooH  dost,  and  eztraneoiiB  vegetable  remains,  appears  of  a  pale 
gray  color. 

When  thoroughly  washed  in  filtered  or  distilled  water,  and  then 
rendered  ae  free  from  moistare  as  possible,  either  by  means  of  a 
filter  or  by  gravitation,  the  deposit  most  be  BQbjeoted  to  the  action 
of  salphurio  acid,  C.  P-  which  heated  to  the  boiling  iK>iDt  car- 
bonizes the  vegetable  matters,  which,  in  a  charred  state,  blacken 
the  fluids.  The  removal  of  this  carbon  is  to  be  accomplibhed  in 
the  form  of  carbonic  acid  by  the  addition  to  the  still  boiling  acid 
of  oxygen,  which  at  the  very  high  boiling  point  of  salphario  octd 
combines  with  it,  and  the  gas  escapes  in  eballition.  Nitric  acid 
(MOc),  may  be  slowly  dropped  in,  one  drop  a  time,  (being  very 
careful  to  protect  the  eyes,  face  and  clothing  from  the  mioiature 
pyrotechnics  that  may  resnlt),  until  the  black  or  dnsky  color  gives 
place  to  the  orange  hae  of  nitrous  acid  (MOj),  being  what  is  left 
of  the  nitric  acid  that  has  parted  with  two  elements  of  oxygen;  or 
else  chlorate  of  potassa  in  fine  powder,  after  the  manner  of  Bailey, 
may  be  very  gradually,  and  in  small  doses,  dropped  into  the  seeth- 
ing liquid.  Upon  each  contact  of  the  powder  a  vivid  explosion 
takes  place  as  the  carbonaceous  particles  ignite  and  oonsame. 
Chlorine  is  evolved,  to  the  great  annoyance  of  the  operator,  and 
sulphate  of  potassa  is  added  measurably  to  the  sand  and  diatoms 
beneath.  But  soon  all  is  of  pearly  whiteness,  and  the  process  is 
at  an  end. 

The  task  of  cleaning  is  near  its  accomplishment;  for  all  that 
remains  to  be  done  is  the  abstraction  of  the  acid  and  the  washing 
oat  of  the  sulphate  of  potash. 

Let  the  tyro  be  careful,  and  manipulate  with  deliberation;  for 
the  rapid  admixture  of  sulphuric  acid  and  water  occasions  a  sud- 
den and  considerable  rise  of  temperature.  Instead  of  pouring  or 
drawing  off  the  hot  or  cooled  fluid,  we  would  recommend  that  a 
large  beaker  glass  two-thirds  full  of  hot  filtered  or  distilled  water 
be  made  ready,  and  that  into  the  water,  by  very  tardy  pouring,  or 
even  dropping,  the  acid,  and  all  it  contains,  be  thrown.  When 
cold,  or  nearly  so,  the  supernatant  flaid  must  be  flowed  away, 
which  process  is  facilitated  by  holding  a  glass  rod  against  the 
beaker's  edge  to  guide  the  stream,  and  after  repeated  washings  with 
i^istilled  water  in  a  fresh  beaker  (for  the  sulphario  acid  clings 
to  the  pot-beaker),  the  diatoms,  the  sand,  and  the  amorphous  silica 
alone  survive.  All  is  now  perfectly  clean;  but  the  constituents  of 
the  white  powder  must  await  separation,  aod  this  they  can  do  only 
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in  diluie  alcohol,  becansfl  the  partioles  mat  or  adhere  irretriev- 
abl;  ID  water,  in  which,  also,  oontervoids  speedily  arise.  We 
l(Ael  the  Teasel,  and  we  ohoose  oar  own  time  for  isolating  the  pre- 
oions  forms,  observing,  however,  that  the  whale  sediment  has 
shrank  within  very  small  dimeneionB,  as  we  set  aside  the  resolt 
of  'BO  mnoh  labor. 

Finally,  in  reviewing  the  work  done,  let  ns  have  in  mind  the 
intention  of  each  of  the  acids  employed,  and  remember  thai  NO, 
boils  at  a  moderately  high  temperatnre,  which,  as  in  other  flnids, 
is  increased  by  the  presence  of  pebbles,  bits  of  glass,  or  coarse 
sand;  that  HC,  passes  into  ebnllition  at  a  comparatively  low  indi- 
cation of  the  thermometer;  and  lastly,  that  the  boiling  point  of 
SOi  is  very  high  indeed, — so  elevated,  in  fact,  as  to  jeopardize  all 
inferior  glass-ware. 

The  foregoing  process  is  open  to  the  charge  of  being  time-oon- 
snmiag, — as  are  all  other  methods, — bat  we  have  invariably  foand 
the  resalts  to  be  excellent.  The  same  saocess  is  claimed  for  a 
different  procedure,  practiced  and  recommended  by  F.  Q.  Htokes,* 
aad  which  may  be  here  briefly  set  f(»th. 

"Provide  a  beaker  glass  of  six  or  eight  canoes  capacity,  in  which 
place  abont  two  teaapoonfals  of  gaano,  and  then  fill  to  near  the 
top  with  a  saturated  solation  of  carbooate  of  soda.  Boil  for  half 
an  hoar,  wash  well  with  water,  and,  after  standing,  pour  off  the 
supernatant  fluid  very  close. 

Add  now  of  chlorhydric  acid  two  ounces,  boil  also  for  a  half 
boar,  wash  well,  and  pour  off  very  close  once  more. 

Treat  the  sediment  with  one  ounce  of  strong  qalphuric  acid. 
Let  it  act  for  ten  minutes,  and  then  add  bicarbonate  of  soda  cau- 
tiously, either  in  solation  or  suspension.  Shake  well  daring  effer- 
vescence, wash  well,  and,  with  great  caution,  add  two  ounces  of 
nitrio  acid.  After  effervescence,  drop  in  two  pinches  of  chlorate 
of  potash,  boil  a  half  hour,  or  until  the  deposit  becomes  white, 
and,  finally,  wash  the  sediment  thoroughly." 

From  what  precedes,  it  must  appear  that  the  aim  of  the  operator 
is  the  removal  of  all  inorganic  substances,  either  originally  soluble 
or  artificially  made  so,  prominent  among  which  is  lime,  and  of  alt 
organic  matters  reduced  by  a  debtrnctire  process  to  a  soluble  or 
gaseous  form.  And  it  is  also  evident  that  when  certain  of  these 
strange  elements  are  known  to  be  absent,  such  parts  of  the  pro- 
cesses as  are  applicable  to  them  ought  to  be  omitted,  so  that  fewpr 
steps  are  necessary  to  attain  the  end.  Silex,  or  sand,  of  course,  is 
not  to  be  regarded  in  this  connection,  as  it  is  as  insoluble  as  the 
Diatoms  themselves.  " 
*  r,  a.  stokes.  On  CleaolDS  DlaWms.  Quar.  Joui.  Ulcros.  Scleoce,  vol,  xv.  p.  SS2. 
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Suppose  we  take  a  clay  or  earth,  that  of  Nottingham,  for  ex- 
ample. Cretaceous  matter  forms  bat  a  small  part  of  its  sabstasce, 
which  oonaists.  Id  fact,  of  Diatomnceoos  skeletoDB,  more  or  less 
adberent  throogh  the  agency  of  a  mortar,  probably  a  silicate  of 
lime,  and  of  fine  eiliceous  particles,  or  even  sand,  less  closely  con- 
nected. To  disintegrate  a  mass,  let  it  first  be  slaked,  as  it  were, 
by  pouring  OTer  it  a  strong  solation  of  carbonate  of  soda,  and 
when,  after  a  time,  the  whole  falls  to  pieces  in  laminie  and  in  dnst,' 
let  it  be  boiled  tor  fifteen  or  twenty  minutes  in  a  quantity  of  the 
same  solution,  and  the  result  will  be  the  reduction  of  the  cement, 
the  formation  of  silicate  of  soda  and  carbonate  of  lime,  and  the 
almost  perfect  cleaning  of  the  diatoms.  The  former  is  removable 
by  hot  water  and  frequent  washings;  the  latter,  by  boiliug  in  nitric 
acid;  while  chlorhydrio  acid  dissolTes  out  any  sulphate  of  lime 
and,  besides,  bleaches  by  the  abstraction  of  unattacked  metallic 
stains.  The  fine  siliceoas  dast,  the  torment  of  diatomiete,  can  only 
be  gotten  rid  of  by  elutriation,  as  will  presently  be  sho^,  and 
refractory  particles  or  lumps  most  be  left  behind  in  the  washings. 

If  the  reader  have  followed  our  proces  raisonne,  he  will  hardly 
be  at  a  loss  to  answer  the  query,  "What  are  we  to  do  with  such 
clay  or  rock  as  the  Monterey?"  some  specimens  of  nhioh  we  have 
foaad  to  be  extremely  hard  or  tenacious.  In  this  instance,  again, 
the  difficulty  presented  is  the  disintegration  of  the  rock  without 
doing  injury  to  the  diatoms.  We  may  make  the  mass  very  hot 
and  then  drop  it  into  oold  water,  by  which  many  diatoms  will  be 
sacrificed;  or  else  we  may  slightly  warm  the  specimen,  drop  it  into 
a  strong  solution  of  carbonate  of  potash,  and  boil  for  a  time,  to 
be  ascertained  by  the  breaking  down  of  the  original  lump.  In  the 
same  way,  carbonate  of  soda  may  be  employed,  with  more  safety  to 
the  forms  in  reqaest,  but  with  less  general  sncceas;  while  the  potash, 
which  is  more  energetic  in  decomposing  the  cement,  is  very  de- 
structive, iC  not  carefully  watched,  of  the  very  objects  we  seek. 

Once  reduced  to  the  state  of  powder,  the  rules  just  enunciated 
are  to  be  followed. 

Before  leaving  the  difficult  or  troublesome,  we  feel  obliged  to 
notice  such  guanos  as  contain  sulphate  of  lime  in  any  quantity,  but 
especially  in  large  proportions.  Algoa  Bay  guano  (South  Africa,) 
for  instance,  as  furnished  as  by  a  reliable  person,  was  found  to 
consist  almost  wholly  of  this  refractory  substance,  which  required 
an  especial  tieatment.  Being  soluble  in  boiling  and  hot  dilute 
chlorhydric  acid,  it  was  found  necessary  to  boil  the  Algoa  gnano  in 
that  dilution,  and  to  pour  th«  whole  on  a  filter,  whereby  the 
anlphate  of  lime  in  solution  ran  off  and  deposited  on  cooling,  while 
SI  t 
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the  gaaao  reeidnum  was  oaught  by  the  filter,  to  be  sabjeoted  again 
and  again  to  the  same  process  as  loa^  as  it  oODtained  the  salt  of 
lime.  The  small  portion  of  decalcified  guano  was  next  exposed  to 
the  aotioQ  of  KOg  and  HCI,  in  the  nsual  way,  with  the  result  of 
seoariug  some  beaatifnl  Actinoptychi  and  Aulacodiscus  petersii. 

Becent  gatherings,  unmixed  with  sand,  mud,  or  other  refractory 
extraneooa  substances,  are  not  made  to  pass  through  the  ordeal  of 
an  alkali  and  so  muny  acids  as  in  the  case  of  a  gusno,  but  may  be 
cleaned  by  the  use  of  one  of  these  agents  with  the  aid  of  no  long- 
continued  heat  ChlorophyU  will  yield  to  carbonate  of  eoda, 
and  all  possible  lime  here,  to  nitric  acid;  but  when  we  have  to 
deal,  with  very  delicate  Amphipleuras  or  Qrammatopkoraa, 
marked  with  almost  ghostly  lioes,  we  should  handle  our  reagents 
with  gloves,  and  not  boil  oat  those  exquisite  markings  which  al- 
most rival  the  art-raled  bands  of  N'obert.  Maceration  for  a  time 
may  be  sufficient;  or,  if  the  quantity  be  small,  all  phytic  substance 
may  be  burned  away  by  the  heat  of  a  spirit-lamp  Same  applied  be- 
neath a  film  of  mica,  on  which  the  "once  animated  duet"  reposes, 
and  on  which  it  may,  without  change,  be  mounted  in  balsam. 

It  is  needless  to  remind  the  young  operator  of  the  necessity  for 
delicacy  in  all  manipulative  procedures,  and  not  least  in  the  wash- 
ings of  pare  gatherings,  or  of.  those  containing  the  filmy  forma. 
Bat  care  is  especially  to  be  exercised  in  the  recovery  of  those  most 
fragile  diatoms  which  are  met  with  in  Barbadoes  earth.  Water 
alone,  poured  gently  on  this  polyoystinous  deposit,  will  suffice  to 
float  away  and  waft  them  to  slides  ready  for  their  reception.  And 
this  may  be  done  in  a  beaker,  so  that  the  superaatant  water,  ren- 
dered milky  by  diatoms  and  silioeoos  dust,  yields  by  elutriation 
the  fairest  of  results. 

Isolation  of  Diatoms:— We  have  already  pointed  oat  the  advan- 
tage, nay,  even  the  uecessity,  of  preserving  the  fruits  of  all  clean- 
ings in  dilute  alcohol,  in  which  they  may  rest  in  safety  awaiting  the 
separation  of  the  morphous  from  the  amorphous.  And  we  may 
here  add  the  advice  to  recommit  the  diatoms  to  alcohol  fiaally  be- 
fore mounting,  or  incidentally,  if  interruptioa  temporarily  arrest 
the  perfect  coarse  of  the  isolation.  The  methods  of  Mr.  F.  Okeden* 
hy  decantatioD,  and  by  whirling  in  an  evaporating  capsule  or  large 
watch-glass,  as  suggested  by  Mr.  J.  A.  Talk,t  we  have  foaud  to 
answer  every  requirement  if  they  be  as  dexterously  managed  as  they 
are  ingeniously  devised.     But  we  would  call  atteotion  to  a  point 

•Method  o[  Wnsliing  DEutonittccuus  Eartliti  sad  Clays;  Quarterly  Journal  of  Hteroa- 
L-opiuul  Science,  vol.  |[i.  p.  iSS. 
tOa  tbeCleaDlng  mid  PrepnrliiR  u[  Diatoms,  vol.  \l.  No.  3.  iii. 
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Dot  hitherto  noticed,  incidental  to  the  deoantatiuD  prooeeB,  and 
which  has  reference  chiefly  to  the  diecoid  Eorma.  It  is  this:  Wlien 
the  diatoms  were  nearly  or  quite  tree  from  foreign  matters,  and 
beaker  glasses  were  being  ased  in  the  preparation,  we  observed  that 
entire  diska  adhered  to  the  flat  bottoms  of  the  Tesflels.  We  utilized 
this  knowledge  by  emptying  a  beaker,  by  washing  it  out  quite  freely 
with  distilled  water,  and,  finally,  by  detaching  and  collecting  the 
absolutely  perfect  diatoms  by  means  of  a  soft  oamel's-hair  pencil, 
well  cleaned.  In  this  way  we  have  had  excellent  success  with  many 
gatherings,  but  with  none  better  than  the  Nottingham  earth,  as 
was  shown  by  some  of  our  elides  exhibited  in  Chicago  at  the  re- 
union of  the  State  Mioroeoopioal  Society  of  Illinois. 

Wehavenow,  by  whatever  process  employed,  attained  the  clean- 
ing and  separation  of  the  diatoms,  and  have  consigned  them  to 
the  temporary  guardianship  of  dilate  alcohol;  but  there  still  remains 
for  UB  the  task  of  a  final  preparation  of  them  for  mounting.  By 
the  plan  adopted  and  saggeeted  by  Mr.  Okeden  they  have  been 
"sorted"  as  to  size;  yet  one  washing  more  is  necessary  before  we 
can  transfer  them  to  the  expectant  slidee.  If  the  diatoms  were  to 
be  dipped  out  by  a  tube  directly,  and  dropped  either  upon  a  cover 
or  a  slide,  the  rapid  alcoholic  evaporation  would  keep  the  whole 
field  in  agitation,  and  the  objects  would  eventoally  group  together 
in  drying  and  materially  mar  the  beauty  of  the  preparation. 
This  defect  may  be  easily  remedied  by  quickly  washing  ont  the 
alcohol;  after  which  the  even  display  of  the  diatomaceous  forms 
is  readily  accomplished,  especially  it  we  give  the  end  of  the  slide 
a  flllip  with  the  finger  previous  to  patting  it  aside  to  dry  spontd- 
seoasly.  At  this  point  the  microscopist  has  the  election  either  of 
moaoting  in  the  dry  way,  or  of  embalming  his  tiny  treasures  in 
Canada  balsam.  He  may  add  the  balsam  drop  au  naiurel  and 
gently  heat  over  a  spirit  flame  before  applying  the  cover,  or  he  may 
'  omit  the  evaporation  and  mount  "soft,"  placing  a  small  screw,  for 
a  weight,  upon  the  cover,  or  he  may  use  balsam  thinned  by  chloro- 
form, or  dissolved  in  absolute  alcohol,  and  filtered  as  recommended 
by  Dr.  Scbaeffer,  of  the  Army  Medical  Mneenm,  and  then  apply 
the  continuous  pressure  of  a  email  weight.  By  the  first  method  the 
slide  will  be  immediately  ready  for  use  when  labeled;  by  the 
others,  a  certain  number  of  hours  or  days  must  elapse  before  the 
margins  of  the  covers  will  have  become  securely  attached.  But  the 
work  is  done,  and  the  student  may  now  gloat  over  the  things  of 
beauty  which  he  views  by  the  light  of  science.  It  is  true  that  he 
may  regret  a  few  forma  which  have  been  floated  off  under  the  de- 
scending cover,  but  oarefal  manipulation  alone  will  in  future  pre- 
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Tent  this  midbap.  Bat  how  obd  he  imitate  tha  exquisite  gronpiDgs 
oE  the  Diatomaceen-Typn-Platle  of  Moller?  He  may  note  qnal> 
bat  he  may,  with  mooh  practice,  approximate  to  the  excellenoe  of 
that  wooderfally  akiltfal  preparer  by  arrang^iDg  bis  diatoms  dry 
QpoD  a  alide  or  cover  prerioaely  coated  with  a  thin  film  of  gelatine, 
and  then  fixing  them  by  exposare  (or  a  moment  to  the  vapor  of 
distilled  water.  In  moaoting  with  balsam  the  diatoms  canoot 
change  positioD,  but  the  gelatine  disappears,  and  is  seen  no  more 
forever. 

Before  closing  this  paper,  perhaps  already  too  loDg,  we  deem  it 
germane  to  the  snbject  to  refer  to  the  plan  which  we  have  adopted 
with  BQCcees  in  the  selection  or  picking  out  of  particular  diatoms. 
It  may  not  be  altogether  original,  yet  it  is  practical,  and  may  aid 
the  inexperienced. 

Nothing  is  easier  than  to  seize  particalar  diatoms  and  transfer 
them  to  a  bottle  for  futnre  use,  or  to  a  slide,  provided  the  field 
from  which  we  select  be  rich  and  clean.  Difficulty,  however,  oocors 
when  forms  in  any  gathering  are  few  and  far  between.  Let  soch 
prepared  material  be  spread  npon  a  large  slide,  covering  a  space  of 
one  inch  by  two,  aud  let  it  be  filliped  as  it  is  set  away  to  dry  spon- 
toneously.  With  a  two-third  inch  objective,  search  the  white  field 
for  any  diatoms  whatever,  and,  opon  finding,  encircle  each  one 
with  a  line,  made  with  the  point  of  a  match  sharpened  and  moist- 
ened, adding  near  the  circle  a  dot,  or  cross,  or  other  sign,  always 
appropriated  to  the  same  diatom,  and  of  which  a  tallying  record 
is  kept  on  paper.  At  leisure  one  may,  without  trouble,  single  oat 
Kay  desired  objeot,  pick  it  off  with  a  fine  dampened  point  of  cane 
(reed),  not  including  the  siliceous  cuticle,  and  deposit  it,  free  from 
injury,  in  a  small  drop  of  distilled  water  placed  in  the  centre  of 
the  slide. 

And  here  we  leave  oar  subject,  with  the  remarks  that  cone  of 
the  methods  proposed  can  lead  to  success  unless  aided  by  patience- 
painstaking,  the  adaptation  of  means  to  an  end,  and  by  practiced 
manipulative  skill ;  and  that  what  appears  to  be  present  perfection 
is  only  to  be  regarded  as  one  of  the  widening  circles  which  tend 
towards,  bat  which  never  reach,  ultimathulan  b-uth. 
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•ON  THE  PBEPAKATION  Of  DIATOMACE^. 

BY  PROF.  HAMILTON  L.  BMITH. 

The  following  paper  is  inteDded  as  a  sapplement  to  tbe  very  ex- 
oeUeot  article  by  Christopher  JohDston,  M.  P.,  id  a  former  num- 
ber of'  this  journal,  under  the  above  heading,  and  I  know  of  no 
better  guide  for  the  atndent.  What  I  have  to  say  relates  to  the 
rapid  preparation,  from  erode  material,  where  this  has  been  at  all 
oarefnlly  gathered,  and  to  a  mode  of  mounting,  invariably  on  the 
cover  of  the  slide,  not  mentioned  by  Dr.  Johnston,  bnt  which  has 
Home  great  advantagee.  The  gatherings  should  no^  be  dried,  bat 
kept  moist,  in  phials  with  a  little  oredaote  to  preveat  mould.  I 
very  much  prefer  to  examine  whole  frostules,  with  both  yaWes 
adherent,  or  if  filamentous,  still  cohering.  And  I  have  many  bot- 
tles of  preparations  for  mounting  which  are  nearly  as  clean  as 
though  they  had  been  treated  with  acids.  And  many  of  the  most 
interesting  preparations  whieh  I  hare  were  never  boiled  in  acids. 
Of  course,  very  much  depends  upon  the  skill  and  carefulness  of 
tbe  gatherer,  abd  a  little  patience  and  judgment  will  enable  any 
one  to  obtain  the  crude  material  tolerably  pure.  Only  a  few  days 
ago  I  made  a  gathering  of  Niizsckiip,,  in  which  X  have  the  frus- 
tules  almost  as  free  from  foreign  matter  as  though  they  had  passed 
through  the  most  elalmrate  acid  and  chlorate  of  potassa  treatment 

Supposing,  then,  that  one  has  before  him  a  phial  which  will 
hold  a  considerable  quantity  of  water  compared  with  the  sediment 
in  it,  the  latter  composed  more  or  less  of  diatoms.  We  proceed 
thus,  and  if  it  has  stood  for  some  days  perfectly  undisturbed  so 
maoh  tbe  better.  Tbe  bottle  is  twirled  rapidly,  and  the  lighter 
material  rising  up  in  the  axis  will  soon  diffuse  itself  throughout 
the  water.  Allowing  it  to  settle  for  two  or  three  seconds,  until  to  the 
eye  the  grosser  portions  have  just  been  deposited,  all  that  remains 
floating  is  now  poured  off  into  another  phial,  and  it  is  from  this 
stock  that  we  are  to  separate  the  diatoms  and  sand  from  the  clay 
and  organic  matter.  The  material  poured  into  this  second  bottle 
is  allowed  to  settle  until  the  water  simply  appears  milky  or  cloudy; 
the  time  will  vary  according  to  tbe  minuteness  of  the  diatoms,  and 
can  only  be  judged  of  from  experience,  say  one'minute,  when  all 
that  remains  floating  must  be  poured  off,  and  thrown  away,  unless 
there  are  very  minute  forms  which  it  may  be  desirable  to  separate. 
The  phial  is  again  to  be  filled  with  rain,  or  distilled  water,  (hard 
or  lime  water  should  be  strictly  eschewed,)  and  again  shaken  up. 
As  soon  as  the  heaTiest  deposit  touches  bottom,  the  rest  should  be 
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poared  off  iDto  a  third  phial,  leaving  say  about  one-foarth  the 
amoant  behind  in  the  aeoond  phial.  The  third  phi&l  will  now  oon- 
aist  mainly  of  sand  and  diatoms,  with  lighter  organic  matter  and 
pare  clay;  the  last  two  can  be  removed  by  elntriation;  for  this  pur- 
pose, till  the  phial  No.  3  with  water,  and  after  well  shaking  allow 
it  to  settle  two  to  five  minutes,  poai  off  and  throw  away  the  slightly 
milky  water,  and  repeat  the  operation,  allowing  it  to  settle  s  some- 
wliftt  longer  time;  the  operation  may  be  repeated  a  third  time, 
when  partioles,  suspended  after  an  interval  of  eight  or  ten  minates 
may  be  poured  off. '  Often,  after  the  first  settling  of  bottle  Ko.  2, 
the  diatoms  will  rise  more  pare  in  the  mass  by  twirling  the  bottle 
than  by  shaking  it  up.  A  little  practice  and  care  will  enable  any  one 
to  separate  certain  diatoms,  according  to  size.  I  had  a  gathering  of 
Pleusosigma  apencerii  from  Scioto  river,  O.,  sent  to  me,  but 
althongh  it  had  been  chlorated,  still  when  a  mounting  was  made, 
not  more  than  one  or  two  fnietules  woaid  be  in  the  field  of  view, 
the  great  maae  being  either  smaller  forms,  or  fine  fragments  of 
silex;  by  careful  watching  and  testing  the  time  when  the  different 
sizes  would  remain  euspended,  I  have  made  from  this  a  prepara- 
tion, which  will  show  handreda  where  before  were  scarcely  any, 
and  wbiol)  would  never  be  recognized  as  the  same  gathering.  Sup- 
posing now  a  trial  shows  us  the  diatoms  tolerably  abundant,  the 
trial  being  made  by  heating  in  the  manner  presently  to  be  de- 
scribed; the  phial  is  filled  with  alcohol  and  water,  half  and  half. 
Some  samples  of  alcohol  leave  behind  a  scum  after  araporation, 
especially  noticeable  after  burning  in  the  mode  presently  to  be  de- 
scribed, and  water  which  will  leave  crystals,  or  any  scum,  must  be 
avoided;  the  beauty  of  the  preparation  will  largely  depend  upon 
being  particular  in  this  matter. 

For  mounting  diatoms  I  invariably  place  a  drop  of  the  fiuid  con- 
taining them  upon  the  cover,  never  on  the  slide.  The  alcohol  and 
water  will  spread  out  on  the  slide,  but  will  remain  heaped  up  on 
the  round  cover.like  a  plain  convex  lena.  I  prepare  a 
little  stand,  represented  in  the  acoompaning  wood  out, 
of  quite  fine  wire(so  as  not  to  conduct  off  too  much  heat) 
bent  at  right  angles  and  inserted  into  a  base ;  the  free 
end  is  bent  into  a  ring,  and  upon  this  ring  is  placed  a 
square  plate  of  very  thin  iron  (such  as  is  used  for  the 
so-called  "tintypes"  in  photography,  with  the  Japan 
burned  off),  held  in  place  by  bending  thecornera  of  the  square  over 
the  ring,  loosely,  to  allow  expansion,  without  bending  when  heated; 
upon  this  plate  the  cleaned  cover  is  placed,  and  then  by  means  of 
a  pipette,  a  drop  of  the  alcoholic  liquid  with  the  diatoms  is  placed 
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apon  it,  and  the  spirit  taoip  applied  below.  The  aloohol  takes  fire 
and  ia  allowed  to  burn  out;  the  flame  of  the  lamp  is  then  placed 
beneath,  and  the  rest  gently  boiled,  the  remaining  alcohol  escap- 
ing during  this  ebullition  causes  the  diatoms,  by  this  very  act,  to 
distribute  themselves  very  evenly  over  the  cover,  and  all  matting 
is  effectually  prevented.  It  is  better  after  one  perceives  that  this 
even  distribution  has  taken  place,  sot  to  push  the  heat  so  as  to 
make  large  bubbles  agaiu,  but  to  slowly  evaporate  until  dry,  after 
which  the  fntl  power  of  the  flame  mast  be  applied  until  the  iron 
plate  and  the  glass  cover  is  red  hot;  at  first  the  mass  of  diatome, 
&0.,  will  become  black,  but  as  the  ort;;aDio  eonteuts  and  debris  burn 
away  there  wilt  finally  remain  only  the  silex  nearly  white.  I  in- 
variably baro  in  this  maoDer  on  the  cover,  even  the  speoimens 
which  have  been  prepared  with  acide,  for  the  diatoms  thus  treated 
when  mounted  appear  much  sharper  and  cleaner.  The  amount  of 
heat,  if  the  diatoms  are  rigidly  siliceous,  as  most  of  them  are,  may 
be  the  fnll  power  of  an  ordinary  alcohol  flame  continned  for  some 
time,  but  if  they  are  imperfectly  siliceous,  care  must  be  exeroieed 
in  the  barning. 

I  invariably  use  old  balsam  for  mounting,  just  as  bought  from 
the  shops,  especially  if  I  wish  to  have  a  specimen  which  will  bear 
-  immediate  handling,  or  be  ready  to  be  sent  off  soon  as  mounted. 
Allowing  then  the  cover  to  cool,  while  the  slide  is  being  cleaned  to 
receive  it,  I  place  a  drop  of  the  balsam,  which  must  not  be  fluid, 
only  viecons,  od  the  middle  of  the  slide,  and  now  with  tkta  pick  up 
the  cover  from  the  little  stand  where  it  has  been  heated.  Ihe  di- 
atoms will  be  BO  fastened  by  the  heating,  that  bnt  few  will  flow  out 
from  nnder  the  oover,  if  any,  in  the  subsequent  treatment.  I  now 
hold  the  slide  over  the  flame  of  the  lamp  (which  should  be  much 
smaller  than  when  used  for  the  burning,)  until  not  only  all  under 
the  cover  is  a  mass  of  small  bubbles,  but  until  very  large  bubbles, 
balsam  steam,  appear;  the  flame  is  removed  soon  as  the  bubbles 
are  observed  all  running  to  one  edge.  I  press  down  the  cover  at 
this  place  by  a  mounted  pin  and  start  them  in  the  opposite  direc- 
tion. This  may  seem  unnecessary,  but  long  experience  shows 
that  this  is  the  better  way  to  get  rid  of  them;  during  this  the 
slide  is  held  somewhat  obliquely,  the  oover  is  kept  from  slipping 
by  the  pin,  and  if  all  the  bubbles  do  not  disappear,  then  with  a  very 
small  flame  heat  is  applied  just  beneath  the  obstinate  ones,  the 
slide  being  held  slanting,  and  that  part  upwards  where  the 
bubbles  are  nearest  the  edge  of  the  cover.  The  description  is 
longer  than  the  actual  process,  and  the  slide  when  cool  is  ready  for 
immediate  use.    Perhaps  I  am  wedded  to  old  ways,  but  after 


- 8l^- 


320  TWENTIETH   AKNCAL  SEPORT 

trial  of  fluid  balsaniB,  without  beat,  I  have  always  come  back  to  the 
old  way  ;  still,  for  aeleoted  diatoms,  some  of  these  preparations  of 
baleam  are  good.  If  the  diatoms  are  to  be  moanted  dry,  always 
the  beat  way,  if  for  real  study,  I  make  a  ring  of  the  zioo  white  in 
balsam  (sold  by  the  opticiaae),  and  which  in  a  moment  or  two  is 
eoffioiently  hard  to  receive  the  cover,  and  never  runs  ins  after 
standing  au  hoar  or  two  I  give  a  fioiehing  ring  of  the  same,  or 
the  usual  hiaok  rsmiah  on  the  outside. 

I  think  any  one  who  will  adopt  the  mode  of  moanting  on  the 
coyer,  and  subsequent  heating,  as  above  deecribed,  whatever  may 
l>e  the  rest  of  th^  procedure,  will  never  consent  to  give  up  this 
part,  since  it  etfeota  bo  even  a  distribution,  and  such  destruction  of 
residual  organic  matter,  and  gives  such  increased  brilliancy  to  the 
preparations;  aometimee,  if  the  acid  has  not  l>een  thoroughly 
washed  out  of  acid  treated  specimens,  snappy  explosions  will 
ooour  when  the  alcoholic  mixture  is  heated  ;  of  conree,  the 
remedy  is  to  pour  off,  and  replace  with  pure  water  and  alcohol. 
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VII. 
OXIDE  OF  MANGANESE. 


.   H.  WINCHELIi. 


It  WW  through  the  persevering  efforts  of  Mr.  J.  N.  8taoy  that 
this  ore  has  been  discovered  at  and  near  Montioello,  in  Wright 
codnty.  He  first  noticed  a  black  sabstanoe  along  the  bank  of  the 
MisBiasippi,  overlying  the  gray  bonlder  clay  and  nnderlying  a 
thick  stratnm  of  gravel  and  sand.  This  black  sabstance  appeared 
to  be  bronght  to  the  surface  and  to  be  distributed  more  or  less  on 
the  slope  for  a  distance  of  several  rode,  through  the  action  of  spring 
water  which  constantly  oozed  from  the  bluff  at  about  the  same 
level.  On  having  an  analysis  made  Prof.  Dodge  reported  the  fol- 
lowing May  26,  1891: 

SaDd  and  clay 4  98 

Carb.  Jime 6.86 

Carb.  maenesia .85 

Oxideof  iron 61 

Black  oxide  of  manganese 79.83 

Fbosphorus .09 

Salphur 01 

Water  of  hydration  and  organic  matter 6.87 

100.00 
Sobseqaently  considerable  examination  vae  made  in  some  of  the 
hoga  in  the  vicinity  further  west  and  north,  so  situated  as  to  pre- 
sumably oonatitttte  the  main  reservoir,  notably  for  the  water  seen 
at  the  river  bank,  but  also  for  the  principal  deposit  of  the  manga- 
nese oxide,  and,  although  several  aaalyaes  were  made  of  a  ferru- 
ginons  sab-peat  deposit,  no  manganese  oxide  of  aafficient  purity 
WBH  found  at  that  time.  Several  shipments  of  a  few  tons  each 
were  made  from  the  orignial  locality,  and  the  excellence  of  the 
product  stimulated  further  exploration.  The  result  has  been  to 
demonstrate  that  in  several  places  a  bog  manganese  exists  in  oon- 
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fiiderable  qaactdty,  more  or  less  aeBociated  with  bog  iron  ore,  ood- 
BtitntiDg  BD  ore  whioh  is  valaable  for  maay  ases  in  the  arts.  Anal- 
jBCB  show  msDgRDeBe  oxide  raDgiog  from  almost  nothing  to  ten 
per  cent,  and  iron  oxide  to  thirty  and  forty  per  cent.,  with  the 
osaal  varying  acoompanimenta  of  carbonate  of  lime,  ailioa  and  or- 
ganic matter.  Ssoh  an  ore  is  widely  distributed  through  that  part 
of  the  state,  and  it  is  very  probable  that,  if  exploration  be  contin- 
ued, larger  deposits  of  as  great  parity  as  that  which  is  found  in 
limited  amoont  by  the  bank  of  the  river,  and  analyzed  as  above, 
will  be  brocght  to  light. 

It  has  also  l>een  noticed  that  some  of  the  iron  ore  deposits  lately 
discovered  on  the  Mesabi  range  are  accompanied  by  a  noteworthy 
percentage  of  manganese  oxide,  promising  to  be  more  valuable 
BB  maDganese  ores  than  ae  iron  ores. 
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PUBLICATIONS  OP  THE  GEOLOGICAL  AND  NATURAL 
HISTORY  SURVEY  OP  MINNESOTA. 


I.  ANNUAL  REPORTS. 

Tmt  F1B8T  Anhoal  Refort  fob  1872.  112  pp.,  8to  with  a  colored  map 
ofthestate.  Bj  N.  R.  WinchtU,  Published  Id  theRegentB'Beportfor 
1S72;  contains  a  sketch  of  the  neology  of  the  utate,  as  then  known,  and 
a  list  of  earlier  reports.     Second  edition  (13S4)  identical. 

The  Sbcoitd  Annual  Repokt  for  1873.  145  pp..  8vo.-,  with  fllustratiooa. 
By  N.  H.  TfincAeU  and  B.  F.  Peckham.  Published  in  the  Regents'  Re- 
port for  1873.    Out  of  print. 

The  TniBD  ANNTJAI^  Rbpoht  for  1874.  42  pp.,  8to.;  with  two  countr 
maps.  "BjN.U.  Iftn<^t.  Published  Id  the  Regeots' Report  for  1814. 
Ont  of  print. 

Tbb  FotTBTH  Amnuai.  Rbpobt,  fob  1875.  162 pp;,  6vo.;  with  four coDDt? 
maps  and  a  nuDiber  of  other  lllustratloDe.  By  N.  H.  WinrAeli,  assisted 
by  Jf.  W.  HarringUm.  Also  In  the  Regents'  Report  (or  1875.  Out  of 
print. 

Tbb  Fifth  Annual  Report  FOB  1876.  248pp.,6vo.;  four  colored  maps  aod 
several  other  illustrations.  By^.  H.  TftncAel^- with  reports  on  Chem- 
istry by  8.  F.  Pefctom,-  Ornitbology,  by  P.  L.  Htdeh;  Entomology,  by 
Atim  Whitman;  and  on  rungl.  by  A.  E  .Johnson.  Also  In  the  Regents' 
Report  for  1876.    Oat  of  print. 

The  SixTB  Annual  Report,  fob  1877.  226  pp.,  8to.;  three  geological 
maps  and  several  others  lllustratioDS.  By  N.  M.  Winchell;  with  re- 
ports on  Chemical  Analyses  by  8.  F.  PeciAanv  on  Ornithology,  by 
P.  L.  Batek;  on  Entomolc^y,  by  AUen  Whitman;  and  on  Geology  of 
Rice  county,  by  i. -B.  £rperry.  Alsoin  the  R^ents'  Report  for  1877. 
Oat  of  print. 

Tbe  Seventh  Annual  Refobt,  FOB  1878.  123  pp.,  8vo.;  with  twenty; 
one  plates.  By  ^.  H.  TTtncheK;  with  a  field  report  by  C.  W.  RaU- 
Chemical  Analysis,  by  8.  F.  PeUuim;  Ornithology,  by  1,.  P.  HattA;  a 
list  of  the  plants  of  the  north  shore  of  Lake  Superior,  by  B.  Juni;  and 
an  Appendix  by  0.  L.  Utrriek;  on  the  Hlcroscoplc  Bntomostraca  of 
Minnesota;  twenty-one  plates.  Also  in  the  Regents'  Report  for  1878. 
Out  of  print. 

The  £ieSTH  Annual  Repobt,  fob  1879.  183  pp.,  8va.;  one  plate  (Cas- 
torotdes).  By  S.  R.  Winchell;  Containing  a  statement  of  the  methods 
of  Uicroficopic  Litfaology;  a  discussion  of  the  Cupriferous  Series  In 
Minnesota,  and  descriptions  of  new  species  of  brachiopoda  from  the 
Trenton  and  Hudson  river  formations;  with  reports  on  the  Geology  of 
Central  and  WeMtern  Minnesota,  by  Warren  Upham;  on  the  E^ke 
Superior  region,  by  C.  W.  Hall;  lists  of  birds  and  of  plants  from  Lake 
S4g 
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Superior,  bT  Thtmtaa  S.  Robertt;  Chemical  Analyses,  t)y  8.  F.  Pedcham; 
Report  b7  P.  L.  Hatcff^  aod  Tour  Appendixes.  Also  in  the  Begenta' 
Report  for  1879  and  1880.    Out  of  print. 

The  Ninth  Ankital  Refobt,  for  1880.  392  pp.,  8vo.:threeAppeQdl][es, 
two  wood  cut  lllustratloDS  and  six  plates.  By  N.  R.  Windiell.  God- 
taiDlag  deid  descriptions  of  442  crystallloe  rocic  samples,  and  notes  on 
their  neological  relations,  from  the  Dortbern  part  of  the  state,  new 
brachiopoda,  the  water  supply  of  the  Bed  river  valley,  and  simple 
tests  of  the  qualities  of  water;  with  reports  on  the  upper  Mississippi 
region,  by  0.  E.  OuTriaon;  on  the  Hydrology  of  Minnesota,  bv  CM. 
Terry;  on  the  Glacial  Drift  and  Its  Terminal  Moraines,'  by  Warren 
JJpham;  Chemical  Analyses  by  J.  A.  Dodge;  a  list  of  the  tilrds  of  Min- 
nesota, hy  P.  L.  Hatch;  and  of  the  winter  birds,  by  Thonuia  8.  Boberts. 
Also  in  the  Regents'  Report  tor  1879  and  1880.    Out  of  print. 

The  Tenth  Annual  Report,  FOR  1881,  254  pp.,  8vo.;  with  ten  wood 
cut  lllustratloDS  and  fifteen  plates.  By  N.  H.  Winchell.  Containing 
flelddescrlptioDsofabout  four  hundred  rock  samples,  and  ooies  on 
their  geological  relations,  continued  from  the  last  report,  the  Pots- 
dam sandsinne;  typical  thin  section?  nf  the  rocks  of  the  Cupriferous 
series;  and  the 'deep  well  at  the  "C"  Washburn  mill,  Minneapolis; 
with  Geological  notes,  by/.  H.  Kloos;  Chemical  Analyses,  by  J.  .d. 
Dodge;  and  papers  on  the  Crustacea  of  the  fresh  waters  of  Minnesota; 
eleven  plates,  by  C.  L.  Herrick.  Also  in  the  Regents'  Report  for  1881 
and  1882. 

Thb  Eleventh  Annual  Repoet,  foe  1882.  210  pp„8vo.;  with  three 
wood  cut  Illustrations  and  one  plate.  By  N.  H.  Winchell.  CoDtaioing 
a  report  on  the  Mineralogy  of  Minnesota,  and  a  note  on  the  age  of  the 
roclcs  of  the  Mesubl  and  Vermilion  iron  districts;  with  papers  oa  the 
crystalline  rocks  of  Minnesota,  by  A.  Sireng  and  J.  H.  Kloon;  im  rock 
outcrops  in  Central  Minnesota  and  on  Lake  Agasslz,  by  Warren  Up- 
Ttam;  oc  the  iron  relgon  of  Northern  Minnesota,  by  Albert  H.  Cheater- 
Chemical  Analyses,  by /.  A.  Dodye;  and  an  Appendix  containing  Min- 
nesota Laws  relating  to  Mines  and  Mining,  abstracted  hj  C.  L.  Herrick. 
Also  in  the  Regents'  Report  for  1881  and  1882. 

The  Twelfth  annual  Rei-ort,  for  ]883.  Summary  report,  containing 
pal  aeon  tologicai  notes  and  a  paper  on  the  comparative  strength  of 
MioDPaota  and  New  England  granites,  twenty-six  pages,  by  N.  H. 
Winchell;  final  report  on  the  Crustaci'a  of  Minnesota,  included  In  the 
orders  of  Claducera  and  Oopepoda,  192  pages  and  30  plates  by  C.  L. 
Heirkk.  and  a  catalogue  of  the  fiura  of  Minnesota,  193  pages,  with  one 
map  showing  the  forest  diatribution,  by  Warren  Upham.  Also  In  the 
Regents'  Report  for  1883  and  1884, 

The  Thirteenth  Annual  Rkport,  FOE  1884.  196  pp.  Geolt^ical  recon- 
coisances  the  Vermilion  Iron  ore-s,  the  crystalline  rocksiif  Minnesota 
and  of  the  Northwest,  the  Humboldt  salt-well  In  Kittson  county, 
records  of  various  deep  wells  in  the  state,  fossils  from  the  red 
quarlzyte  at  Pipestone,  reports  on  the  New  Orleans  Exposition  and 
on  the  General  Museum,  by  N  H.  Winchell;  Geology  of  Minnehaha 
County,  Dakota,  hy  Warren  Upkam;  Chemical  report,  by  Prof.  Jus.  A. 
Dodge;  Minnesota  geographical  names  derived  from  the  Daltota  lan- 
guage-, by  Fr-f,  A.  W.  Willvimson;  insects  injurious  to  the  cahhage, 
by  O.  W.  Oestlund;  Geolc^ical  notes  In  Blue  Earth  county,  by  Prof.  A. 


F.  BedidoU;  aod  oa  a  foaeil  elephant  trova  Stockton,  by  Prof.  John 
Hohivger;  papers  on  the  Cretaceous  fossils  la  the  boulder  clajs  In  the 
Northwest,  bj  George  M.  Davison  and  by  Woodward  and  Thomae;  and 
notes  on  the  MammalB  of  Big  Stone  lake  and  vicinity,  by  C.  L.  Serrick- 

The  Fourtksnte  AimiiAi.  Report,  for  1885.  354  pp.;  two  plates  of 
fossils  and  two  wood  cuts.  B;  N.  H.  Winehell.  Containing  Bummacj 
report,  notes  on  home  deep  wells  In  Minnesota,  descriptions  of  four 
Dew  BjDecles  of  fossils,  a  supposed  natural  alloy  of  copper  and  silver 
from  the  north  shore  of  Lake  Superior,  and  revision  of  the  strati- 
graphy of  the  Cambrian  in  Minnesota,  with  the  following  papers  by 
assistantA,  viz:  List  of  the  Aphldld^  of  Minnesota,  with  descriptions 
of  some  new  species  by  O.  W.  OesUund;  Report  on  the  Lower  Silurian 
Bryozoa,  with  preliminary  descriptions  of  some  new  species,  by  E.  0- 
Virich;  CoDCbologlcal  notes,  by  U.  S.  Orant;  Bibliography  of  the  For- 
aminifera,  recent  and  fossil,  by  Anthony  Woodward. 

Tbb  Fifteenth  Annual  Rbport,  FOR  1886.  493  pp.,  8vo,;  120  diagram  , 
fl]uBtratlons  and  sketches  in  the  teit,  and  two  colored  maps;  embrac- 
ing reports  on  observations  on  thecrystallinerockB  In  the  northeast- 
ern part  of  the  state,  by  Alexander  Winehell,  N.  B.  WincheU  and  H.  Y. 
Winehell;  Chemical  report  bjProf.  J.  A.  Dodge;  additional  railroad 
elevations  by  W.  H.  Winckelli  list  of  Minnesota  geographical  names 
derived  from  the  Chippewa  language,  by  Sev.  J.  A.  Oiifillan,  and  notes 
on  Illsenl,  describing  three  new  species,  by  Aug.  F.  Foersle.  Also  as 
supplement  II  of  tht>  Regents'  Report  for  1687-1888. 

The  Sixteenth  Annuat.  Report,  for  1E87.  504  pp.  8vo.;'two  plates 
and  83  other  Illustrations.  Contains  reports  on  the  original  Huronian 
area,  the  Marquette  Iron  region,  on  the  6<«eblc  and  Penokee  iron- 
bearing  rocks,  oii  the  formations  of  noitheaatern  Minnesota  (includ- 
ing the  physlcfal  aspects,  vegetation,  quadrupeds  and  other  ver- 
tebrates), the  geology  of  the  region  northwest  from  Vermilion  lake  to 
Rainy  lake  and  of  the  Little  and  Big  Fork  rivers;  also  notes  on  the 
MolluRcan  fauna  of  Minnesota. 

TreSetenteenth  Annual  Report,  FOB  1868.  pp.  280, 8vo.;  ten  text 
Illustrations.  Contains:  Report  of  2f.  H.  Winehdl,  the  crystalline 
rocks  of  Minnesota,  a  general  report  of  progress  made  in  the  study  of 
their  fleld  relations,  with  a  bibllograpby  of  recent  works  on  the  crys- 
talline rocks;  report  of  H.  V.  Wvaehell,  field  observations  Id  the  Iron 
regions;  report  of  Vly.  S.  Grant,  geological  observations  in  northeast- 
em  Minnesota. 

The  EioHTEENTB  Annual  Report,  for  1889.  Report  of  further  fleid 
observations  In  the  regions  of  the  crystalline  rocks  of  the  state  and 
In  the  area  of  the  original  Huronian,  by  N.  H.  WinehgU,  and  a  review 
of  American  opinion  on  the  older  rocks,  by  Alexander  Winehell. 
Octavo,  pp.  234. 

The  :NiMBrEENTH  Annual  Report,  fob  J890.  8vo.  pp.  255,  with 
illustrations.  Translation  of  Boricky's  elements  of  a  new  Chemico- 
microacoplc  method  of  analysis  of  rocks  and  minerals,  and  of  Kloo8< 
Gec%noBtlc  and  Geographical  observations  in  Minnesota  in  1877,  by 
S.  H.  Winehell,  chemical  report  by  Prof.  Dodge,  the  woods  of  MIddo- 
sota,  by  H.  B.  Aifret;  museum  and  library  additions,  list  of  meteorites 
in  the  museum,  petrographyandgeologyof  the  Akeley  lake  regloDiTT. 
S.  Bayley,  New  Lower  Silurian  Lamelllbranchiata,  E.  O.  Ulriek. 
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II.  PINAL  REPORT. 

Thk  Geoloot  of  U1NNB8OTA.  Vol.  I.  of  the  Final  Report.  1872~ 
1R82,  xiv  aod  697  pp.  quarto;  llluBtrated  by  43  plates  and  53  flfirures- 
By  JV.  H.  WiniAea,  asBisttKl  by  Warrtn  JJpkam.  CoDtalatng  aQ  histor- 
ical sketch  of  explorations  and  surveys  In  Hianesota,  the  general 
physical  features  of  the  state,  the  building  stones  and  the  Geology  of 
Houston,  Winona,  Fillmore,  Uower,  Freeborn,  Fipeatone,  Bock  and 
Bice  counties,  by  N.  H.  WmchtU,  the  Geology  of  Olmated,  Dodge  and 
Steele  counties,  by  if.  W.  HarHngUm,  and  the  Geology  of  Waseca, 
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ADDKESS. 

MiNNEAPous,  Minn.,  Oct  20,  1893. 
Z\)  (ftc  President  of  the  Board  of  Begents: 

DSAR  Sib. — The  twenty -first  annaal  report  of  the  Geological 
and  Natural  History  Survey  of  the  state  is  herewith  submitted. 
It  embraces  statements  relating  to  progress  in  the  strictly 
geological  portion  of  this  enterprise,  and  to  the  General  Mu- 
seum and  the  library  accessions.  The  botanical  and  zoological 
departments  of  this  work  have  been  placed,  by  the  Board  of 
Regents,  under  the  personal  direction  respectively  of  Prof. 
CoDway  MacMillan  and  Prof.  Henry  F.  Nachtrieb,  and  they 
win  make  independent  reports  directly  to  the  regents. 
Respectfully  submitted, 

N.  H.  WINCHELL, 
State  Geologist  and  Curator  of  the  General  Museum. 
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SUMMARY     STATEMENT     AND     COMPARATIVE 
NOMENCLATURE. 

In  the  season  of  1892  the  field  work  of  the  surrey  was  contin- 
ned  in  the  northeastern  part  of  the  state,  where  the  economic 
development  of  the  new  iron  range  (the  Mesabi)  continued 
unabated.  Considerable  time  was  spent  on  the  central  and 
western  portions  of  the  Mesabi  range,  with  a  view  to  learn  the 
geological  relations  of  the  ore  bodies.  By  this  time,  as  shown 
in  the  report  of  H.  V.  Winohell  published  in  the  last  annual 
report,  some  general  idea  had  been  gained  of  the  position  and 
forms  of  these  ore  deposits,  warranting  an  attempt  at  a  more 
systematic  description,  which  should  serve  at  least  for  many 
practical  purposes  and  as  a  preliminary  statement  of  many  of 
the  geological  environments.  At  the  same  time  this  early  re- 
connoissance  brought  to  light  many  new  facts  and  features,  the 
full  elucidation  and  publication  of  which  will  require  careful 
chemical  and  petrographical  research,  and  a  comparison  with 
the  similar  features  of  the  iron  ranges  of  adjoining  states. 

Dr.  U.  S.  Grant  continued  an  examination,  which  he  had 
begun,  of  a  grtuiitic  area  near  the  eastern  estensiou  of  the 
Mesabi  range,  viz:  that  about  Kekequabic  lake,  and  extended 
his  field  studies,  with  careful  detail,  to  the  eastern  end  of  Otter 
Track  lake,  and  southward  to  and  beyond  Little  Saganaga  lake. 
Later  he  spent  much  time  on  the  eastern  end  of  the  Mesabi 
range  proper,  westward  from  Gunflint  lake,  examining  the 
relatJcAis  of  the  gabbro  and  the  magnetites  to  the  Pewabic 
quartzyte. 

Simultaneously  with  this  the  writer  extended  his  field  work 
over  a  region  not  before  visited  by  him,  including  Snowbank 
lake  and  the  region  between  it  and  the  Kawishiwi  river,  and 
subsequently  with  Dp.  Grant  reviewed  some  of  the  important 
portions  of  the  region  of  Kekequabic  and  Ogishke  Muncie  lakes. 

In  May  a  reconnoissance  was  made  by  the  writer,  aocompa- 


_.,.aglc 


2  TWENTY-FiBST  ANNUAL  REPORT 

nied  by  Messrs.  G-raut  and  Bchuchert,  of  the  region  about  Pots- 
dam, N.  Y.,  with  the  view  to  obtEiming,  if  poseible,  some  data 
for  the  settlement  of  some  of  the  pending  questions  respecting 
the  stratigrapbic  position  of  the  true  Potsdam  sandstone.  This 
trip  was  continued  to  Keeseville,  N.  Y.,  on  the  east,  and  to 
Gouverneur,  N.  Y.,  on  the  west. 

Mr.  B.  O.  Ulrich  spent  a  year  at  Minneapolis,  and  much  pro- 
gress was  made  on  the  paleontology  of  the  Trenton  and  Hudson 
River  formations,  the  results  being  incorporated  in  volume  III 
of  the  final  report,  still  in  press.  Of  this  volume  several  chap- 
ters have  already  been  issued  separately,  viz: 
Chapter  I.    Cretaceous  fossil  plants  from  Minnesota.     By  Leo  Leaquemat, 

pp.  1-22,  2  plates.   Published  Feb.  16,  1693. 

Chapter  II.    Microscopical  fauna  of  the  Cretaceous  In-Ulnnesota,  with 

additions  from  Nebraska  and  IlltuolB.    B;  Anthony  WoodvxiTd  and 

Benjamin  W.  Thomas,  pp.  23-54, 3  plates.    Published  Feb.  15, 1893. 

Obapter  III.    Spoages,  Graptolites  aod  Corals,  from  the  Lower  Silurian 

of  Minnesota.    By  N.  H.  TTtndwU  and  Charlea  Schuchtrt,  pp.  65-95, 

2  plates.    Published  June  S,  1B93. 

Chapter  lY.    On  Lower  Silurian  Bryozoa  of  Mlnaesota.    By.  E.  0.  Ulrich, 

pp.  9S-332,  28  plates.    Published  Jan.  15, 1898. 
Chapter  V.    The  Lower  Silurian  Brachiopoda  of  Minnesota.    B;  JV.  H. 
Windiell  and  Charles  Sckuchert,  pp.  333-474,  6  plates.    Pobilebed 
June  6,  1893. 
Puring  the  year  also  the  twentieth  annual  report  has  been 
published,    and  Bulletin  VII,  devoted  to  the  mammals  of  the 
state,  by  Prof.  C  Ij.  Herrick,  has  been  issued  from   the  press 
and  distributed.     The  work  of  Dr.  P.  L.  Hatch,  on  the  Birds  of 
Minnesota,  has  been  published  through  the  zoological  depart- 
ment of  the  survey,  under  the  supervision  of  Prof.  H.  F.  Nach- 
trieb. 

The  following  papers  relating  to  the  geology  of  the  state 
have  also  been  published  elsewhere  by  members  of  the  Geolog- 
ical Survey  corps,  viz: 
The  geology  of  Hennepin  county.    N,H.  WincheU.  (In  the  "History  of 

Minneapolis",  by  I.  Alioater.) 
An  approximate  interglacial  chronometer.     N.  H.   WincJuU.    American 

Qeologiat,  vol.  x,  p.  69,  August,  1892. 
Preliminary  descriptions  of  new  Brachiopoda  from  the  Trenton  and  Hud- 
son Biver  groups  ofMlnnesota.  N.  H.  Wineheii  and  Charles  Scftu- 
cAert.  American  GeologlBt,  vol.  Ix,  p.  284,  May,  1892.  (Advance 
copies  were  distributed  to  American  paleontologists,  April  1,1892.) 
The  Eawlshlwin  agglomerate  at  Ely,  Mian.    N.  H.  WincKdl.     American 

Geologist,  vol.  Ix,  p.  369,  June,  1892. 
Some  problems  of  the  Mesabl  iron  ore.    S.  H.  WinOidl.    American  Geol- 
ogist, voLx,  p.  169,  September,  1892. 
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Frondeecent  hematite,    JT.  H.  WincheU,  Amertcan  Geologist,  toI.  xi,  p. 

ao,  Jaauaiy,  1893. 
Tbe  geology  of  ttie  Iron  ores  of  MlDcesota.    If.  M.  WineheU.  TranB.  Geol. 

Soc.  AuBtralaBla,  Melbourne,  yoI.I,  pp.  171-194,  1892. 
The  Btratlgraphic  position  of  the  OglBbke  coDglomerate  of  northeastern 

Minnesota.    V.  S.  Orant.   ■  American  Geologist,  vol.  z,  p.  5,  July, 

1892. 
Note  on  an  augite  sode-granlte  from  Minnesota.    17.  S.  Orant.-  Ameri- 
can Geolc«ist,  vol  zi,  p.  383.  June.  1893. 
New  XiOwer  Silurian  Ostracoda.    K  O.  Vlrick.    American  Qeotoglat, vol.  X, 

p.  263,  Nov.,  1892. 
TwonewLower  Silurian  species  of  Licbas  {subgenus  Hoplollcbas).  E.  O. 

UtrbA.  American  Geologist,  vol.  x,  p.  271,  Nov.,  1893. 
Olasslflcation  of  theories  or  the  origin  of  iron  ores.    H.   V.    WindxeU, 

American  Qeologl&t,  vol>  x,  p.  £77,  Nov. ,  ISQ2. 
A  daseificatlon  of  the  Brachiopoda.    C^ri«a  Sdtuchtrt.  Am.  Geol.,  vol.  xl 

p.  141,  Marcb,1893. 
New  LamelUbrancblata.    E.O.Ulri(A,.   Am.  Geol.,  vol.  x,  p.  96,  August, 

1892. 
Mesabl  developments.    B.   V.  Windiell.    Iron  Trade  Review,  Oleveland, 

April  19, 1892. 
Cost  of  mining  on  the  Mesabt  B.  Y.Winckell.  Iron  Trade  Review,  Cleve- 

Iftnd,  Julj  21,  1892. 
Is  there  a  shortage  of  hessemer  oreT   Anon.  (H.  V.  WintAeU).  Iron  Trade 

Review,  Cleveland,  Feb.  16, 1893. 
The  Meeabl  Iron  range.    E.  V.  WiTicheU.  American  Institute  o(  Mining 

Engineers,  Schuylkill  Meeting,  vol.  xxt,  pp.  614-686,  Oct.,  1892. 
Tbe  Blwabik  mine.    H.  V.  WincheU  (with  John  T.  Jones).     Am.  Inst.  MIn 

£ngtneerB,  Montreal  Meeting,  vol.  xxl,  pp.  951-961,  Feb.,  1893. 
Minnesota  Iron  mlneB.    Anon.  (H.  V.  WineheU).    Fubiiahed  In  "Mlnne 

sota,  a  brief  sketch  of  Its  History,  Resources  and  Advantt^es,"  by 

authority  of  the  State  Board  of  World's  Fair  Managers,  pp.  119- 

123,  Pioneer  Press,  St.  Paul,  1B93. 
Prof.  J.  E.  Todd,  of  Vermillion,  S.  Dak.,  was  engaged  to 
complete  the  Burrej  in  the  northwestern  portion  of  the  state, 
extending  from  the  Bed  river  valley  eastward  to  the  east  side 
of  Beltrami  county,  and  he  has  spent  the  months  of  July  and 
August  in  that  region.  His  accompanying  preliminary  report 
shows  in  outline  the  progress  he  has  made.  It  will  require 
another  simUar  season's  campaign  to  clear  up  sufficiently  for 
report  the  geological  features  presented  in  that  area. 

The  work  of  the  year  has  been  very  largely  paleontological. 
Some  re-examinations  were  made  by  Messrs.  Schucbert  and 
tririch,  under  the  guidance  of  Mr.  Scofield,  of  the  fosdiliferous 
Lower  Silurian  outcrops  in  the  southeastern  part  of  the  state, 
with  the  view  to  determine  more  exactly  the  stratigraphic 
range  of  the  fossils  belonging  to  the  survey  collection,  and 
for  the  purpose  of  further  collection  at  the  same  points. 
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COMPARATIVE   NOMENCLATURE. 

The  former  annual  reports  of  the  Minnesota  surrey  have 
presented,  oocasioDally,  short  disciissions  and  tabulations  of 
the  Pre-Silarian  rocks  of  Minnesota,  embracing  different  por- 
tions of  the  series.  These  have  also  sometimes  contained  refer- 
ences tp  their  supposed  parallels  in  other  parts  of  the  North- 
west Owing  to  occafiional  misapprehensions  by  other  geolo- 
gists of  the  stratigraphy  of  these  rocks,  as  we  have  made  it 
out,  and  the  misuse  of  some  of  our  terms,  an  attempt  has  been 
made  to  place  the  Minnesota  strata  in  proper  order  in  the 
adjoined  table.  This  table  also  expresses  the  stratigraphy  of 
the  Wisconsin  reports,  issued  under  the  direction  of  Prof. 
Chambdrlin,  the  terms  used  by  the  present  Michigan  survey 
and  the  general  terms  used  by  the  United  States  and  Canadian 
geological  surveys.  The  table  has  had  the  approval  of  Messrs. 
Wads  worth,  Van  Hise  and  Selwyn,  for  their  respective  portions. 
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II. 

THE  GEOLOGY  OF 

KEKEQUABIC  LAKe' 

In  Northeastern.  Minnesota 

WITH  SPBCIAI.  BKFBRSNCB  TO 

A.11    Aufflte    Soda-Graulto 

'BY  ULYSSES  SHERMAN  GRANT 
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PREFACE. 

In  this  paper  an  attempt  is  made  to  present  a  description  of 
the  geology  of  a  small  part  of  the  complex  area  of  northeastern 
Minnesota  in  more  detail  than  has  been  done  hitherto.  In  order 
to  give  a  connected  acconnt  of  the  geology  of  this  area  It  has 
been  necessary  to  duplicate  in  small  measure  some  of  the  for- 
mer descriptions;  this  is  true  of  partof  the  descriptions  of  some 
of  the  clastic  rocks,  the  argillytes,  graywackes  and  conglomer- 
ate. But  some  of  the  earlier  accounts  have  been  enlarged 
somewhat,  and  to  the  whole  has  been  added  a  number  of  petro- 
graphical  descriptions.  The  points  of  speciGbl  interest  in  this 
paper,  which  have  not  been  presented  previously,  are:  (1) 
Petrographical  description  of  the  anomalous  green  schists. 
(2)  Noticeof  a  small  area  of  hornblende  porphyrite.  (3)  Inves- 
tigation of  the  petrography  of  the  granite,  which  is  shown  to  be 
of  a  rather  uncommon  and  interesting  type — an  augite  aoda 
granite.  (4)  Evidence  is  brought  forward  to  show  that  the 
granite  is  of  truly  eruptive  origin  and  that  it  is  not  a  recrystal- 
lized  condition  of  the  sediments  of  the  region  in  situ,  as  it  has 
been  considered  in  most  of  the  previous  papers  on  this  re^on. 

All  of  the  field  work  and  part  of  the  laboratory  work  for  the 
preparation  of  this  article  was  done  while  the  writer  was  in  the 
employ  of  the  Geological  and  Natural  History  Survey  of  Min- 
nesota. During  the  summer  of  1891,  while  studying  several 
granite  eureas  in  northeastern  Minnesota,  several  days  were  de- 
voted to  the  granite  of  Kekequabic  lake,  and  again,  in  the  sum- 
mer of  1892,  more  time  was  employed  in  studying  the  rocks 
aronnd  this  lake.  Thanks  are  due  to  Prof.  N.  H.  Winchell, 
State  Geologist  of  Minnesota,  for  assistance  and  advice  during 
the  prosecution  of  this  work,  emd  for  his  kindness  in  allowing 
part  of  the  investigation  to  be  carried  on  outside  of  laborato- 
ries of  the  Survey. 

The  writer  also  desires  to  express  bis  sincere  thanks  to  Prof. 
George  H.  Williams  of  the  Johns  Hopkins  University  for  kiudly 
aid  and  numerous  suggestions  from  the  beginning  to  the  end 
of  this  investigation.  To  him  is  due  in  large  measure  whatever 
of  ment  this  paper  may  possess. 

The  analyses  were  made  by  Profs.  J.  A.  Dodge  and  C.  F. 
Sidener  of  the  University  of  Minnesota. 
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CHAPTER  I. 

GENERAL  DESCRIPTION  OP  THE  AREA  STUDIED. 


LOCATION. 

The  area  described  is  this  paper  is  a  small  portion  of  the 
triangle  in  Minnesota  which  lies  between  lake  Superior  and 
the  Canadian  boondary .  This  part  of  the  state  is  made  up  of 
more  or  less  highly  crystalline  rocks  of  pre-Cambrian  age. 
The  region  described  is  about  the  centre  of  the  northern  side 
of  this  triangle.  Kekequabic  lake,  the  geology  of  whose  shores 
is  here  presented,  lies  in  the  northeastern  part  of  Lake  county, 
in  latitude  48°  2'  north  and  longitude  91°  6'  west  of  Greenwich. 
It  is  less  than  two  miles  south  of  Knife  lake,  which  is  one  of 
the  narrow  bodies  of  water  forming  the  boundary  between  Min- 
nesota and  Ontario. 

The  exact  position  of  Kekequabic  lake  can  be  seen  on  Plate 
XLI,  "Greological  map  of  northeastern  Minnesota,"  of  Irving's 
paper  "On  the  classification  of  the  early  Cambrian  and  pre-Cam- 
brian formations."*  A  larger  and  more  accurate  map  of  the 
region  is  that  included  in  the  "Fifteenth  (1886)  Annual  Report 
of  the  Geological  and  Natural  History  Survey  of  Minnesota"; 
and  a  still  better  one  is  that  found  in  '  'The  iron  ores  of  Minne- 
.  sota.  "t 

The  accompanying  sketch  map  (Pig.  1)  shows  the  western 
part  of  the  lake  Superior  basin  and  the  adjacent  territory.  A 
glance  at  this  map  will  give  a  general  idea  as  to  the  location  of 
the  region  to  be  described  in  this  paper.  The  star  shows  the 
approximate  position  of  Kekequabic  lake. 

An  area  extending  five  miles  in  an  east  and  west  direction  and 
about  the  same  distance  north  and  south  is  represented  in  the 
geological  map  (Plate  II)  and  is  the  area  described.     It  con- 

•U.  a.  Oeologle&l  Surrer,  Tth  Ann,  Kept.  pp.  360-451. 1888. 
iQeol.  and  Nat.  HUt.  SnrTer  or  Hlnn.,  Bull.  No.  S.  ie«l. 
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tains  sections  29,  SO.  81  and  32  of  township  65  N.,  range  6  W.  of 
the  4th  Principal  meridian;  sections  25,  26,  27,  34.  35  and  36  of 
T.65  N.,  R.  7  W.;  sections  B,  6,  7  and  8  of  T.  64  N.,  R.  6  W.;  and 
sections  1,  2,  3, 10,  11, 12  and  the  east  half  of  section  4  of  T.  64 
N.,  R.  7  W. 


lake  Suiiorlar  and  adjaoeot  territory 


TOPOGRAPHY. 

The  surface  is  rough  and  hilly,  though  not  strictly  monntain- 
ons.  The  elevations  consist  of  more  or  less  broken  parallel 
hill  ranges,  which  trend  a  little  north  of  east.  The  most  im- 
portant of  these  ridges  lies  along  the  south  side  of  Kekequabic 
lake.  In  the  southwest  quarter  of  section  36,  T.  65  N„  R.  7  W., 
this  range  attains  a  hight  of  240  feet  above  the  lake  level; 
farther  east,— in  the  S.  E.  i  section  31,  T.  65  N.,  R.  6  W., 
— it  rises  over  a  hundred  feet  higher,  and  two  miles  farther 
east,  just  outside  the  area  of  the  map,  are  the  twin  peaks 
which  are  more  than  500  feet  above  the  lake  or  2,000  feet  above 
sea  level.    These  peaks  are  visible  for  many  miles  in  any  direc- 
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tion  and  form  tbe  highest  land  In  the  northern  part  of  Lake 
coiinty.  Kekequabic  lake,  as  ascertained  by  level,  is  1,498  feet 
above  the  sea.  On  the  north  shore  of  the  lake  is  another  no- 
ticeable ridge  attaining  an  elevation  of  260  feet  in  tbe  N.  E.  i 
section  35,  T.  &5  N.,  B.  7  W.  Mallmann's  peak  is  a  continuation 
of  the  same  ridge  in  the  S.  B.  i  section  30,  T.  65  N. ,  R.  7  W. ; 
its  summit  is  some  250  feet  above  the  lake,  its  southeastern 
front  rising  in  an  almost  vertical  precipice  for  200  feet.  The 
two  hill  ranges  above  mentioned  are  by  far  the  most  conspic- 
uous in  the  area  under  consideration,  but  lower  elevations  of 
gentler  slope  are  common.  The  western  shores  of  the  lake 
are  comparatively  low,  and  oftentimes  the  land  is  swampy  for  a 
considerable  distance  from  the  water's  edge. 

By  far  the  larger  part  of  the  land  surface  is  rough  and  hiUy. 
The  hiUs  are  almost  entirely  of  rock,  there  being  no  drift 
ridges,  but  some  of  the  elevations  have  parte  of  their  surfaces 
covered  by  a  thin  mankle  of  glacial  material.  Between  tbe  hills 
lie  lakes,  which  constitute  about  a  third  of  the  surface.  There  . 
are  also  some  low  areas,  which  are  swampy,  but  these  are  of 
considerably  less  extent  than  the  lakes.  The  surface  may  be 
roughly  divided  into  three  parts. — hills,  lakes  and  swamps, — 
in  the  relative  proportions  of  3,  2  and  1. 

Very  noticeable  features  of  the  topography  are  the  precipi- 
tous clifFs,  which  rise  vertically  from  the  water's  edge  to  the 
hight  of  from  10  to  200  feet.  The  highest  of  these,  Mallmann's 
peak,  has  already  been  mentioned.  Others  occur  on  the  north 
and  south  sides  of  Stacy  island  and  along  the  south  shore  of  the 
lake  a  short  distance  east  of  this  island.  These  cliffs,  as  a  rule, 
face  toward  the  north  or  the  south  and  they  lie  parallel  with 
the  hill  ranges  and  the  long  axes  of  the  lakes.  It  is  quite  prob- 
able that  the  cliffs  occur  along  lines  of  faulting. 

E^KES  AND  DRAINAGE. 

The  lakes  of  this  region  lie  in  rock  bound  basins,  and  a  large 
number  of  them  are  elongated  in  a  direction  parallel  with  the 
hill  ranges.  From  one  rocky  basin  a  short,  rapid  stream  car- 
ries the  water  down  to  the  next  lower  basin;  in  this  way  the 
greater  part  of  the  drainage  is  accomplished.  These  streams, 
connecting  one  lake  basin  with  another,  often  have  a  considera- 
ble fall  in  a  short  distance;  for  instance  the  outlet  of  Epsilon 
lake,  through  which  the  waters  from  Kekequabic  lake  flow, 
descends  80  feet  in  a  distance  of  about  100  yards.  One  of  the 
cascades  of  this  stream  is  shown  in  Plate  I,  Fig.  1. 
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Kekequabic  lake,  the  largest  in  the  area  studied,  is  clear  and 
deep.  It  is  a  narrow  body  of  water,  some  five  miles  in  length; 
its  eastern  half  never  reaches  a  width  of  more  than  half  a  mue, 
while  its  western  part  is  broader,  being  nearly  a  mile  and  a 
half  wide.  To  the  north  of  Kekequabic  lake  lie  several  smaller 
lakes,  more  shallow  and  not  surrounded  by  as  noticeable  hills. 

The  streams  of  the  region,  excepting  those  connecting  one 
lake  with  another,  are  small  and  insigniAsQnt.  They  have  cut 
no  appreciable  channels  of  their  own  and  Ba^e  carried  very 
little  sediment  into  the  lakes.  In  no  place  has  ai 
to  build  a  delta  at  its  mouth.  Since  ^e  lakes  servd^  resting 
places  for  what  little  sediment  is  brought  down  oK  t^^^ 
streams,  the-  larger  streams  flowing  from  one  lake  to  awti^B^ 
are  practically  free  from  suspended  material  and  so  have  otj^^ 
eroding  power,  even  though  they  are  oftec  very  rapid, 
the  surface  is  suffering  comparatively  little  denudation  as!^ 
presents  now  almost  the  same  contours  and  depressions  whichV 
existed  when  the  ice  sheet  departed.  Then,  ^s  now,  there  were\ 
hills  and  deep  valleys  filled  to  their  edges  with  water,  and  since 
then  these  lakes  have  been  lowered  very  little  by  the  wearing 
down  of  their  outlets.  The  whole  drainage  follows  the  depres- 
sions left  by  the  ice  sheet  and  is  ^ot  dependent  on  the  charac- 
ter of  the  underlying  material,  be  it  drift  or  crystalline  rock. 
The  drainage  of  the  Kekequabic  basin  is  toward  the  north, 
through  several  small  lakes  lying  north  of  the  east  end  of  this 
lake,  to  Knife  lake, — one  of  the  series  of  International  Boun- 
dary lakes  belonging  to  the  Bfuny  Lake  system. 

SOIL  AND  FOREST. 

The  land  surface  is  covered  by  but  a  thin  layer  of  soil. 
This  consists  in  places  of  glacial  material,  but  where  drift  de- 
posits are  lacking  a  layer  of  soil  of  only  a  few  inches  thick- 
ness has  accumulated.  This  scanty  soil  is  entirely  sufQcient, 
even  when  but  three  inches  deep,  to  support  a  luxuriant  forest 
of  conifers; — in  fact  the  surface  is  usually  covered  by  a  thick 
growth  of  black  pine  (Pinus  bankaiana  Lambert),  red  pine  (P. 
resinosa  Ait.)  white  pine  {P.  atrobua  L.),  balsam  fir  {Abies  bal- 
Mtnea  Marshall),  black  spruce  {Picea  nigra  Link.)  and  arbor 
vitSB  {Thuya  occidentalis  L. ) ;  the  last  two  are  confined  mostly  to 
the  lower  ground.  Considerable  areas  of  the  forest  were  burnt 
some  years  ago  and  these  areas  are  now  covered  with  a  thick 
and  tangled  second  growth,   in  which  the  white  birch  (Betula 
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papyri/era  Marsh)  and  aspen  {Populus  tremuloides  Michz.)  play 
an  important  part.  This  dense  growth,  coupled  with  thickly 
strewn  fallen  logs,  renders  exploration  of  such  areas  unusually 
difScult. 

BOCK  EXPO80BES. 

Around  the  lake  shores  there  are  vather  frequeot  exposures. 
The  outcrops  vary  greatly  in  size,  and  their  frequency  and  ex- 
tent do  not  seem  to  be  conditioned  by  the  character  of  the  rock, 
the  softest  and  most  easily  eroded  often  extending  for  consid- 
erable distances  along  the  lase  shore;  this  is  especially  ndtice- 
able  in  the  case  of  the  soft,  fissile,  green  schist,  which  is  seen 
in  such  large  development  along  the  north  side  of  the  central 
part  of  the  lake.  However,  there  are  stretches  of  shore  a 
quarter  of  a  mile  or  more  in  length  where  no  rock  is  to  be  seen 
in  gitu;  this  is  generally  true  along  the  low  and  swampy  shores 
and  in  a  few  other  places  where  there  are  larger  accumulations 
of  drift  than  is  usual.  In  some  cases,  as  before  mentioned,  al- 
most vertical  cliffs  rise  directly  from  the  water's  edge  from  10 
to  200  feet  above  the  lake  surface-  Along  these  cliffs  and  else- 
where on  the  steeper  hillsides  numerous  and  extensive  expos- 
ures are  accessible.  Along  the  streams  there  are  fewer  out- 
crops than  would  be  expected,  for  the  streams  usually  flow  in 
depressions  more  or  less  tilled  with  glaciiJ  material  and  they 
have  as  yet  but  infrequently  cut  down  to  the  underlying  rock; 
In  fact  their  channels  ai-e  generally  boulder  filled,  and,  contrary 
to  a  geologist's  expectation,  he  can  find  little  clue  to  the  under- 
lying rocks  by  following  up  these  stream  beds.  Many  of  the 
tuUs,  especially  those  of  gentle  slope,  show  no  outcrops,  and  it 
is  only  on  their  summits  and  steep  sides  that  one  finds  many 
large  exposures  away  from  the  actual  lake  shore.  The  com- 
parative  thinness  of  the  drift  and  its  almost  total  absence  over 
areas  of  some  extent  wonld  seem  favorable  to  the  existence  of 
more  extensive  exposures  than  are  to  be  found.  But  in  many 
cases  where  the  drift  is  almost  absent  vegetation  has  gaihed  a 
foothold,  and  at  present  the  rock  is  covered  with  soil,  moss, 
rock-fragments  and  decaying  sticks  and  logs,  the  whole  form- 
ing a  layer  two  inches  to  two  feet  in  thickness,  firmly  bound 
together  by  numerous  roots,  so  that  with  the  aid  of  merely  a 
hammer  i3ie  subjacent  rock  is  as  inaccessible  as  when  buried 
under  several  feet  of  drift. 

The  weathered  and  decayed  rock  of  the  whole  region  has 
been  almost  completely  carried  away  by  glacial  action;  and 
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since  the  departare  of  the  ice  there  has  been  but  little  surface 
decay,  such  as  there  is  extending  but  a  fraction  of  an  inch  be- 
low the  surface.  Thus  the  exposures,  with  few  exceptions, 
furnish  clean  and  unweathered  specimens.  The  only  rock 
which  shows  evidence  of  post-glacial  decay  and  alteration  is 
the  green  schist,  and  this  is  decaying  in  but  a  few  places,  the 
most  noteworthy  being  on  the  extreme  western  side  of  the 
promontory  from  the  north  side  of  the  lake,  at  the  northeast 
corner  of  section  31,  T.  65  N.,  R.  6  W.  From  this  it  is  not  to 
be  supposed  that  the  rocks  are  in  a  perfectly  unaltered  state, 
for  their  minerals  have  been  more  or  less  afFected  by  destruc- 
tive processes,  other  than  mere  surface  weathering,  acting 
through  long  geological  ages,  but  the  rocks  are  now  in  prac- 
tically the  same  condition  as  at  the  end  of  the  Glacial  period. 

OUTLINE  OP   GEOLOGICAL   FEATURES. 

The  northern  edge  of  Lake  county,  where  Kekequabic  lake 
is  situated,  is  composed  entirely  of  pre-Cambrian  rocks,  which 
have  suffered  more  or  less  metamorphism.  Leaving  cot  of 
consideration  their  exact  stratigraphical  positions  and  desig- 
nations, we  shall  proceed  to  a  very  brief  description  of  the 
various  rock  types.  The  discussion  as  to  the  nomenclature, 
precise  age  and  relationships  of  the  various  formations  is  re- 
served for  another  part  of  this  paper. 

By  far  the  larger  proporiiion  of  the  rock  masses  represented 
in  this  area  are  sedimentary  in  character,  but  some  of  the  ma- 
terial is  of  volcanic  origin  and  some  of  this  was  probably  de- 
posited in  water.  These  sediments  may  be  divided  for  eonven* 
ience  into  four  groups,  although  this  division  is  arbitrary  to 
some  extent,  as  the  different  groups  are  not  always  sharply 
separated  from  one  another.  The  first  and  by  far  the  most 
widely  developed  group  is  that  which  may  be  termed  the  slate 
formation.  This  consists  largely  of  argillytes,  with  smaller 
amoilnts  of  fine  and  coarse  graywackes  and  grits.  The  argill- 
ytes, graywackes  and  grits  are  closely  associated  with  each 
other,  l>eing  oftentimes  intimately  interbanded,  so  that  it  is 
impossible  to  map  them  separately.  The  coarser  facies  of  the 
rocks  just  mentioned  often  become  distinctly  conglomeratic  in 
small  areas,  and  in  other  places  there  are  conglomerates  which 
are  composed  of  very  coarse  boulders; — these  conglomeratic 
rocks  form  the  second  group.  The  third  group  is  made  up  of 
certain  peculiar,  fissile,  green  schists,  which  have  usually  been 
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called  ehloritic  schists.  While  the  fourtlugroup  is  composed  of 
more  or  less  marked  fragmental  volcanic  material,  which  in 
places  shows  a  banding  apparently  due  to  depi^ition  in  water. 
These  clastic  rocks  have  been  greatly  disturbed  since  their  de- 
positioa,  and  they  now  stand  in  nearly  vertical  positions  with  a 
strike  that  is  a  little  north  of  east. 

Sharply  marked  off  from  the  elastics  are  four  types  of  ig- 
'  neons  rocks,  whose  age,  with  perhaps  the  exception  of  the  first. 
Is  later  than  that  of  the  surrounding. elastics.  The  first  of  these 
igneons  rocks  is  a  peculiar,  purple,  hornblende  porphyry,  more 
precisely  a  hornblende  porphyryte.  The  other  rocks  of  igne- 
ous origin  are  granite,  diabase  and  gabbro.  The  first  is  divis- 
able  into  two  types,  ^he  ordinary  granite  and  a  granite  por- 
phyry, the  latter  of  which  is  seen  only  in  small  patches.  These 
two  types  of  granite  are  of  interest  from  the  fact  that  their 
ferro-magnesian  constituent  is  almost  exclusively  pyroxene 
and  that  the  predominating  feldspar  is  anorthoclase.  The 
diabase  is  found  only  in  a  few  small  dykes  cutting  all  the 
other  rocks,  excepting  possibly  the  gabbro.  Unconformably 
above  all  the  other  rock  series  is  a  coarse  grained  gabbro. 
The  country  shows  no  remains  of  any  strata  younger  than  the 
gabbro,  which  is  of  Keweenawan  age,  and  older  than  the  drift. 

PREVIOUS  LITEBATUBE. 

The  descriptions  of  the  rocks  of  Kekequahic  lake  are  to  be 
found  almost  whojly  in  the  reports  of  the  Gteological  and  Nat- 
ural History  Survey  of  Minnesota,  and  a  list  of  references  to 
this  locality  is  here  appended  (I).  Under  each  reference  are  a 
few  words  briefly  explaining  the  character  of  the  descriptions; 
th6  articles  are  given  in  order  of  date  of  publication.  Following 
this  list  is  another  (II)  giving  the  titles  of  the  more  important 
papers  'which  relate  to  the  rocks  of  northeastern  Minnesota 
that  occur  at  Kekequahic  lake;  this  second  list  makes  no  pre- 
tensions to  completeness. 

L     Articles  relating  to  Kekequahic  Lake.* 

1882.~N.  H.  Wlnchell.    10th  (1881)  Ann.  Rept.,  pp.  92-93. 

A  single  specimen  (No.  751)  of  peculiar  porphyry  (borDbleode  por- 
phyryte) is  reported  from  Mallmaon's  peak. 
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1887.— M.  E.  Wadawortb.  .Bull.  No.  2,  Preliminary  description  of  the  peri- 
jlotjtes,  gabbros,  diabaaes  and  aadeaytes  of  Minnesota,  pp.  1S4-IZ&. 
A  microscopical  description  of  ttie  above  mentioned  specimen  of 
hornblende  porphjryte  is  given  and  sections  of  It  are  figured  (PI. 
X,  Figs.  1  and  2). 

188T.— A.  Winchell.    IStb  (1886)  Ann.  Bept,  pp.  14S-]Ee. 

Detailed  field  descriptions  confined  most];  to  the  soutb  shore  of 
the  lake. 

1887.— N.  H.  Winchell.    15th  (1886)  Ann.  Rept.,  pp.  361-369. 

t^eld  notes  on  the  roclcs  ol  the  iake  shore.  Special  attention  is 
given  to  the  structure  and  origin  of  the  gneiss  (granite)  and  por- 
phyry (granite  porphyry). 

1888.-11.  H.  Winchell.    I6th  (1887)  Ann.  Kept.,  pp.  100-108. 

A  continuation  of  the  last  report  with  some  general  sl^atements 
eoncer^ing  the  genesis  and  relationships  of  the  various  rock-series. 

1888.— A.  Winchell.    16th  (1887)  Ann.  Sept.,  pp.  321-327. 

Field  notes  about  EpsUon  lake.  Au  unconformity  is  noticed  be- 
tween the  Animikie  and  Eeewatln  and  mention  Is  made  of  several 
exposures  of  purple  porphyry  (hornblende  porphyry  te). 

1893.— U.  S.  Grant.    20th  (1891)  Ann.  Rept.,  pp.  69-82. 

Field  notes  on  the  region  about  Kekequabic  lake,  with  special 
reference  to  the  granite.  It  is  stjited  that  the  gneiss  of  tbe 
former  reports  is  a  fine  grained  pyroxene  granite  and  that  the 
porphyry  la  a  pyroxene  granite  porphyry. 

1893.— U.  S.  Grant.  Note  on  an  auglte  soda-granite  from  Minnesota; 
Amer.  Geologist,  vol  xl.  No.  6,  pp.  383-388. 

A  preliminary  petrograpbical  description  of  the  granite  of  Eeke- 
quabic  lake  is  given.  It  is  shown  that  the  rock  Is  an  auglt«  soda- 
granite  with  a  large  percentage  of  soda,  which  finds  expression  in 
the  composition  of  the  auglte  as  well  as  in  that  of  the  feldspar. 

II.    ArticleB  on  northeastern  Minnesota  and  a^acent  territory. 

N.  H.  Winchell.— Geol.  and  Nat.  Hist.  Survey  of  Minn.,  7th  (3878)  Ann. 
Bept,  1879.— 9th  (1880)  Ann.  Rept.,  1881.— 10th  (1881)  Ann.  Eept., 
1882.- nth  (1882)  Ann.  Eept.,  1883.— 13th  (1884)  Ann.  Kept.,  1885. 
—15th  (1886)  Ann.  Bept.,  1887,— I6th  (1887)  Ann.  Bept.,  1888.- 17th 
(1888)  Ann.  Bept., -1889.— 20 Ih  (1891)  Ann.  Bept.,  1893.  , 
The  Norian  of  the  Northwest;  Geo],  and  Nat  Hist.  Survey  of 
Minn.,  Bull.  No.  2,  pp.  111-xxxlv,  1893. 

B.  D,  Irving— The  copper- bearing  rocks  of  Lake  Superior;  IT.  S.  Geol. 
Survey,  Mod.  vol.  6,  1884. 

Preliminary  paper  on  tbe  Investigation  of  the  Archaean  formations 
of  the  northwestern  states;  U.  S.  Geol.  Survey,  5th  Ann.  Bept,  pp- 
176-242,  1885. 

On  the  classification  of  the  early  Cambrian  'and  pre-Cambriaa 
formations;  U.  S.  Geol.  Survey,  7th  Ann.  Bept,  pp.  368-451, 1886. 

A.  C  Lawson.— Beport  on  the  geology  of  the  Lake  of  tJie  Woods  region, 
with  special  reference  to  the  Eeewatln  (Huronian?)  belt  of  Arch- 
san  rocks;  Geol.  and  Nat.  Hist.  Survey  of  Canada,  new  aeries,  vol. 
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1,  pt.  CC,  18SG.     Report  on  the  geolotty  of  the  Rainy  Lake  regloa; 

Geol.  and  Nat.  Hist.  Sarvey  of  Canada,  Aon.  Kept.  1887,  vol.  ill, 

pt.  F,  1889. 
A.  Winchell.— Oeol.  and  Nat  Hist.  Survey  of  UinD.,  IStb  (1886)  Add. 

Rent.,  pp.  7-207, 1887.— 16th  (1887)  Ann.  Kept.,  pp.  131-391. 1888. 

CoDRlomeratea  enclosed  in  gnetsslc  terranes;  Amer.  GeolOKiBt, 

vol.  3,  pp.  153-186,  258-262, 1889. 
H.  V.  Wlnchell.— Geol.  and  Nat  Klat  Survey  of  Minn.,  15th,  (1888)  Ann. 

Rept.,  pp.  401-417,  1887.— 16tb  [1887)  Ann.  Itept ,  pp.  393-483,  1688. 

—17th  (1888)  Ann.  Rept,  pp.  75-145,  1889. 
H.  H.  and  H.  T.  Wlnchell.— The  iron  ores  of  Minnesota;  Qeol.  and  Nat. 

Hist.  Survey  of  Minn.,  Bull.  No.  6,  1891. 
C  B.  Tan  Hise.- An  attempt  to  harmonize  some  apparently  confltcUng 

views  of  Lake  Superior  stratigraphy;  Amer.  Jour.  Sci.,  3,  vol.  xll, 

pp.  117-131,  Feb..  1881. 
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CHAPTER  II. 


THE  ROOK  FORMATIONS  REPRESENTED. 

In  this  chapter  the  different  rock  formatioQS  occurring  in  the 
area  studied  are  considered  in  succession,  but  two  of  them — 
the  granite  and  the  porphyryte — are  reserved  for  a  more  de- 
tailed treatment  in  the  following  chapters.  In  the  Srst  place 
the  different  formations,  already  briefly  mentioned  iu  an  "Out- 
line of  geological  features"  in  Chapter  I,  are  to  be  considered 
lithologically  and  structurally.  These  will  be  taken  up  in  the 
order  of  their  supposed  ages,  and  the  discussions  as  to  their 
comparative  ages  and  relationships  are  brought  together  at 
the  end  of  this  chapter.  It  is  fair  to  state  at  the  outset  that 
the  following  division  of  the  clastic  rocks  is  partly  for  conven- 
ience in  description,  and  is  not  wholly  due  to  the  fact  that  they 
can  all  be  distinctly  separated  from  each  other  in  the  field  or  in 
hand  specimens.  Nevertheless,  it  is  possible  to  recognize  more 
or  less  distinctly  the  following  rock  types; — argillyte,  gray- 
wacke,  grit,  conglomerate,  green  schist  and  volcanic  tuff.  The 
first  three  are  often  so  intimately  interbedded  that  it  is  impossi- 
ble to  separate  them  in  mapping  and  general  description;  conse- 
quently they  are  grouped  together  and  form  what  is  termed  the 
slate  formation.  The  other  types  are  more  easily  separated 
from  each  other  and  from  the  slate  formation,  and  they  have 
therefore  each  been  mapped  separately;  but  the  boundaries 
shown  on  the  geological  map  (Plate  II)  are  of  only  approxi- 
mate correctness  for  this  reason;  these  rock  types  often  seem 
to  pass  by  insensible  transitions  into  one  another  and  each 
occcurs  in  small  amounts  interbanded  with  the  others  so  that 
separation  is  not  possible.  However,  there  are  certain  areas 
where  one  type  covers  a  large  proportion  of  the  surface  and 
such  areas  have  been  mapped  as  though  composed  of  that  type. 
The  conglomerates  have  been  included  in  the  rocks  to  which 
the  above  remarlcs  apply,  although  there  is  a  possibility  that 
the  coarse  conglomerate  is  of  a  later  age  than  the  surrounding 
elastics;  this  question  will  be  considered  in  another  place. 
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These  form  the  country  rocks  of  the  region;  geographically 
they  cover  perhaps  three  fourths  of  its  area.  The  different 
parts  of  this  series, — the  slate  formation,  the  green  schist,  the 
tnff  and  the  conglomerate, — are  more  or  less  closely  related 
and  have  many  characters  in  common. 

The  strike,  with  some  local  exceptions,  varies  from  N.  40° 
E.  to  N.  75°  E.,  the  average  being  abont  N.  60°  to  65°  E.,  which 
is  the  usual  strike  of  similar  rocks  in  this  part  of  the  state. 
The  dip  varies  a  few  degrees  either  side  of  the  vertical,  but 
j-arely  becomes  lower  than  70".  This  general  strike  and  dip 
are  practically  constant,  over  the  whole  area.  There  is,  how- 
ever, one  noticeable  exception  to  the  general  strike  of  the  rocks 
of  this  region;  this  is  in  the  west  half  of  section  6,  T.  64  N.,  B. 
6W.,  where  for  a  considerable  distance  the  strike  is  almost  ex- 
actly north  and  south,  the  dip  being  about  vertical. 

The  clastic  rocks  have  been  subjected  to  considerable  dy- 
namic action  and  as  a  result  all  except  the  coarse  conglomerate 
have  acquired  slaty  and  schistose  structures  in  many  places. 
This  is  especially  true  of  the  argillytes  and  green  schists,  but 
in  most  cases  where  undoubted  stratification  appears  it  is 
practically  coincident  with  the  slaty  or  schistose  structure. 
There  are  however  many  outcrops  which  show  one  of  these 
secondary  structures  without  exhibiting  any  distinct  lines  of 
sedimentation.  And  in  this  connection  it  should  be  stated  that 
evidences  of  sedimentation  are  lacking  over  exposures  of  con- 
siderable size;  this  is  especially  the  case  in  the  conglomerates, 
tuffs,  graywackes  and  grits,  but  is  also  true  to  a  less  extent  in 
the  argillytes.  All  of  the  clastic  rocks,  excepting  the  green 
schists  and  argillytes,  are  often  seen  possessing  no  evidence 
either  of  sedimentary  lamination  nor  of  secondary  parallel 
structures;  in  such  cases  the  graywankes  frequently  present 
the  appearance  of  fine-grained  massive  rocks. 

The  slate  formation. 

The  larger  part  of  the  area  described  is  composed  of  rocks 
belonging  to  this  formation.  It  includes  almost  all  the  north- 
em  half  of  the  region  mapped, — in  fact  the  whole  portion  of 
the  area  north  of  Kekequabic  lake,  except  small  areas  of  green 
sehlst,  tuff  and  hornblende  porphyryte,  is  made  up  of  rocks 
belonging  to  this  formation.    It  also  occupies  the  eastern  side 
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.  and  tOll  of  the  southeastern  quarter  of  the  map,  but  does  not 
occur  in  the  southwestern  quarter.  These  rocks  reach  a  greater 
deTelopmeut  outside  of  the  immediate  vicinity  of  Kekeqoabic 
lake  and  form  a  large  proportion  of  the  Eeewatin  rocks  in 
Minnesota. 

Lithologically  the  slate  formataon  is  divisible  into  three 
parts: — argiUyt«,  graywacke  and  grit..  The  first  covers  some 
areas  almost  exclusively,  but  the  others,  while  found  in  large 
amount,  are  never  entirely  free  from  bands  of  argillyte.  Still 
there  are  certain  portions  of  the  surface  where  grit  or  gray- 
wacke is  developed  to  almost  the  complete  ezclasion  of  the  ar- 
gillytes.  These  three  types  of  rocks  are  found  grading  into 
each  other.  This  is  especially  noticeable  in  the  case  of  the 
graywackes  and  argillytes,  the  finer  grained'  slaty  facies  of  the 
former  passing  by  indistinguishable  steps  into  gray  argillytes. 
In  mapping  it  is  of  course  Impossible  to  separate  areas  of  ar- 
gillyte from  those  of  grit  or  graywacke  as  they  are  so  inti- 
mately interbedded,  but  under  the  description  of  each  is  given 
its  distribution  in  areas  where  the  two  others  are  largely  absent. 

Argillyte. — The  larger  part  of  the  region  north  of  Kekequabic 
lake  and  also  a  considerable  part  of  section  6,  T.  64  N.,  B.  6  W. 
is  occupied  by  argillytes.  They  are  found  in  their  best  devel- 
opment, comparatively  free  from  bands  of  grit  and  graywacke, 
just  to  the  west  and  northwest  of  Kekequabic  lake  and  around 
the  shores  of  Epsilon  lake.  In  color  the  argiUytes  are  gener- 
ally rather  dark,  nearly  black  or  dark  gray,  but  they  often  vary 
towards  greenish  and  lighter  gray  tints  and  in  one  place  near 
the  comer  of  the  bay,  in  which  is  Stacy  island,  to  a  reddish 
shade.  Evidences  of  stratification  are  quite  generally  present, 
being  shown  by  alternating  bands  of  lighter  and  darker  shades, 
these  bands  usually  being  from  one  quarter  of  an  inch  to  an 
inch  in  width.  Rarely  there  are  seen  areas  of  the  darker  slates 
where  sedimentary  lines  are  obscure  or  entirely  lacking.  The 
darker  varieties  show  the  best  developed  slaty  cleavage,  but  in 
no  place  is  this  continuous  and  perfect  enough  to  make  the 
beds  of  economic  importance: 

The  argillytes  vary  in  composition  in  two  general  directions. 
First,  by  the  addition  of  more  and  more  silicious  matter,  they 
grade  into  silicious  schists;  variation  in  this  direction  is  marked 
by  a  change  in  color  to  lighter  and  lighter  gray.  When  the 
silica  becomes  more  abundant  and  is  in  distinct  grains  the  rock 
is  approaching  the  graywackes  and  grits.  Variation  in  the 
second  direction  is  due  to  the  addition  of  a  chloritic  or  horn- 
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blendic  (actinollte?)  constitnetit  often  accompanied  by  an  in- 
crease of  silica;  the  rock  thus  assumes  a  greenish  color  and  a 
less  oleavable  character.  Su<^h  green  slates  are  tough  and 
very  hard.  In  one  place  near  the  southeast  end  of  Pickle  lake 
there  are  narrow  bands  of  red  and  black  jaspilyte  interbedded 
with  these  green  slates.  These  jaspilyte  bands  are  the  nearest 
approach  to  iron  ore  in  the  immediate  vicinity  of  Kekequabic 
lake.  Another  direction  of  change  for  the  argillytes  is  toward 
sericitic  schists;  this  variation  is  not  seen  commonly  at  Keke- 
quabic lake,  but  is  shown  to  some  extent. 

Oraifwacke. — This  rock  occurs  in  its  best  development  around 
the  east  end  of  Kekequabic  lake.  It  is  seen  in  especially  fine 
exposures  in  the  S.  W.  i  section  29,  T.  65  N.,  R.  6  W.  It  varies 
in  grain  from  quite,  coarse  graywacke,  with  quartz  graiiis  ^  to 
i  inch  in  diameter,  to  a  very  fine  gray  slate.  The  coarser 
facies  occnr  in  massive  beds  from  a  few  inches  to  many  feet  in 
thickness,  and  often  show  no  pai-allel  structures,  either  original 
or  induced.  Since  this  rock  has  been  fully  described  in  the  re- 
ports on  northeastern  Minnesota  it  seems  preferable  to  give  a 
few  quotations  from  the  published  descriptions  of  Dr.  Alexan- 
der Winchell  than  to  attempt  any  new  description. 

"The  best  characterized  graywackes  are  obscurely  bedded, 
dark  gray  and  composed  of  fine  grains  of  quartz  and  feldspar 
mostly  but  not  exclusively  monoclinlc,  all  imbedded  in  a  sparse 
or  copious  groundmass  of  a  silico-argillaceous  character.  Dis- 
seminated through  the  rock  ar^  generally  some  black  specks 
of  an  anthracitic  character.  Peroxide  of  iron  also,  is  often 
present  From  the  condition  thus  described  the  variations  are 
very  marked.  Of  ten.  through  an  excess  of  quartz  and  a  high 
silicification  of  the  groundmass,  the  rock  becomes  impure- flinty, 
and  under  the  influence  exerted  by  heat,  hasacquired  a  ringing 
hardness,  accompanied  by  two  or  three  sets  of  jointage  planes, 
which  divide  the  mass  into  cuneiform  portions.  It  thus  seems 
to  answer  the  description  of  komfela.  This  condition  is  approx- 
imated very  frequently.  But,  far  from  being  persistent,  we 
often  see  it  pass  rapidly  into  a  well  bedded  terrane.  In  another 
direction,  the  feldspathic  constituent  exists  in  increased  quan- 
tity, and  the  dark  aspect  of  the  other  ingredients  gives  the 
rock  a  diabasic  look,  especially  when,  as  is  mostly  the  case,  all 
bedded  structure  is  completely  disguised.  At  times  it  is  al- 
most impossible  to  decide  maci-oscopically  whether  the  rock  is 
a  real  diabase,  an  anamesitic  doleryte,  or  only  an  altered  and 
aberrant  giraywacke."* 

•Oeol.  and  StX.  Hiak  Snrvey  of  Hlnii.,  Uth  (I88T)  Ann.  Sept.,  p.  BSD,  1888. 
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"A  vBty  conspicuous  feature  of  the  schist  belt  is  the  frequeot 
and  abrupt  transition  from  a  pronounced  slaty  structure  to  a 
massive  structure,  in  which  the  bedding  planes  are  obscure, 
and  in  many  cases  scarcely  discoverable.  These  massive  con- 
ditions present  the  ordinary  external  appearance  of  diabase, 
and  sometimes  of  dolerite;  and  it  requires  many  observations 
to  convince  one's  self  that  none  of  these  are  truly  eruptive.  At 
times  these  masses  are  cut  by  joints  into  cuneiform  cuboids, 
ringing  and  flinty,  precisely  like  rocks  of  eruptive  origin;  and 
if  one  were  to  restrict  his  observations  to  a  few  such  occur- 
rences, he  would  feel  persuaded  that  large  portions  of  the  re- 
gion are  occupied  by  true  dykes  of  enormous  extent.  But  with 
surprising  abruptness  these  rock-masses  are  seen  assuming  a 
more  earthy  character  and  losing  their  eruptive  features.  Close 
by,  the  lines  of  an  ancient  stratification  come  into  view,  and 
these  always  conform  to  the  rule  of  the  region.  The  rock  may 
now  be  seen  more  distinctly  to  contain  an  important  qaartaose 
constituent.  This  is  sometimes  in  fine,  almost  indefinite  grains 
and  sometimes  a  silicious  groondmass.  A  different  condition 
of  the  rock  contains,  with  more  or  less  quartz,  a  considerable 
feldspar — mostly  orthoclase,  but  partly  triclinic.  This  appears 
sometimes  in  distinguishable  grains  imbedded  in  the  silicious 
or  silico-argillaceous  groundmass,  and  sometimes  as  a  felds- 
pathic  groundmass  holding  obscure  grains  of  quartz.  Not  un- 
frequently  the  groundmass  appears  to  be  a  real  petrosilex.  In 
all  cases  the  rock  possesses  great  hardness  and  toughness. 
These  are  the  macroscopic  ciiaracters  of  a  range  of  rocks 
which  I  have  called  graywacke."* 

Grit.  ^This  name  is  applied  to  a  part  of  the  slate  formation 
which  makes  up  the  north  side  of  the  high  hill  in  the  8.  B.  i 
section  31,  T,  65  N.,  R.  6  W.  The  rock  called  grit  is  very  inti- 
mately interbauded  with  fine  bands  of  argillyte.  The  beds  of 
grit  vary  from  a  fraction  of  an  inch  to  fifty  feet  in  width,  and, 
aside  from  the  interbanding  of  the  argillite,  show  no  sedimen- 
tary lamination  or  slaty  cleavage. 

This  rock  seems  to  be  somewhat  different  from  anything  that 
has  been  described  in  the  Minnesota  reports;  it  was  mentioned 
by  the  writer  in  one  place.!  hut  no  special  description  was 
given.  It  is  a  dark  gray  to  black  rather  fine  grained  rock 
showing  numerous  macroscopic  glistening  quartz  grains  and  a 
few  feldspar  grains  imbedded  in  a  dark  ground  mass.     The 
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grains  of  quartz  and  feldspar  and  rock  fragmentu  (to  be  men-, 
tioned  below)  are  usually  from  one-half  to  two  milimetera  in 
diameter, — often  smaller  and  rarely  larger.  Under  the  micro- 
scope the  rock  is  seen  to  be  composed  of  sub-angtilar  frag- 
ments of  quartz  and  feldspar  imbedded  in  a  groundmass,  which 
is  made  up  almost  entirely  of  green  hornblende.  The  horn- 
blende occurs  in  fibers  and  irregular  grains.  The  fibers  often 
are  of  minute  size  and  penetrate  the  rock  mass  in  all  directions; 
they  even  seem  to  extend  for  short  distances  into  certain 
quartz  gr^ns.  Small  fragments  of  various  massive  rocks  are' 
also  present,  noticeable  among  which  are  a  porphyryte  and  a 
fine  grained  granite  porphyry  very  similar  to  the  porphyritic 
facies  of  the  granite  of  the  region,  but  showing  no  aogite.  The 
grit  thus  appears  to  be  a  rather  impure  sandstone  with  consid- 
erable interstitiEd  matter,  which  has  recrystallized  as  horn- 
blende. This  development  of  hornblende  in  the  elastics  of 
northeastern  Minnesota  Is  of  interest  as  it  is  of  so  widespread 
occurrence.  It  has  been  noticed  in  the  quartzites  of  the  Ani- 
mikie*  and  in  the  Ogishke  conglomerate,  and,  as  will  be  men- 
tioned below,  is  very  characteristic  of  the  green  schists  and 
tuffs. 

Oreen  schist. 

Within  the  area  under  consideration  there  occur  certain  green 
schists  of  a  rather  anomalous  character.  They  are  of  a  dull 
green  color  and  are  rather  soft,  Cmmbling  easily  under  the 
hammer.  These  rocks  have  been  often  described  in  the  re- 
ports on  this  region  as  "soft  green  schists"  and  "chloritic 
scbiste,"  but,  as  is  shown  below,  they  are  essentially  composed 
of  hornblende. 

'  These  schists  are  found  well  developed  in  some  places.  A 
small  belt  occurs  just  north  of  Eekeqnabio  lake  in  the  E  ^  sec- 
tion 34,  T.  65  N. ,  R.  7  W. ;  also  at  the  west  end  of  the  lake  in 
the  N.  E.  i  section  4.  T.  64  N.,  R.  7  W.,  along  the  N.  i  section 
11,  T.  64  N.,  R.  7  W.,  and  on  the  south  shore  in  the  N.  W.  i 
section  32,'  T.  65  N.,  R.  6  W.  But  by  far  the  largest  and  moat 
typical  exposures  are  to  be  seen  in  a  narrow  belt  along  the 
north  side  of  the  lake  in  sections  35  and  36,  T.  65  N.,  R.  7  W., 
and  the  S.  W.  i  section  3i;  T.  65  N.,  R.  7  W.;  perhaps  the  best 
of  these  exposures  occur  on  the  small  islands  near  the  center 
of  section  36,  T.  65  N..  R.  7  W. 
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These  outcrops  almost  eveiywhere  show  a  distinct  schistose 
structure,  which  is  more  pronounced  where  the  rock  has  weath- 
ered. There  are  also  in  many  places  clearly  defined  lines  of 
sedimentation;  these  can  be  seen  in  great  perfection  on  a  little 
island  in  the  S.  W.  i  section  85.  T.  65  N.,  R.  7  W.  And  here, 
as  well  as  at  some  other  localities,  there  are  numerous  rounded 
green  pebbles  of  about  the  same  composition  as  the  green 
schist.  These  pebbles  are  clearly  brought  out  by  weathering 
and  wave  action,  being  slightly  more  resistant  to  these  agen- 
cies of  destruction  than  the  rock  itself,  which  decays  and 
crumbles  readily.  There  are  also  occasionally  seen  quartz 
bebbles  arranged  in  parallel  lines,  thus  giving  additional  traces 
of  original  sedimentary  planes. 

The  green  schist  is  usually  of  rather  fine  grain  and  is  some- 
times so 'fine  that  it  appears  homogeneous.  In  the  coarser  va- 
rieties it  macroscopically  seems  to  be  composed  of  small,  glis- 
tening flakes  in  an  nnindividualized  groundmass.  Under  the 
microscope  the  rock  is  seen  to  consist  of  closely  crowded  green 
hornblende  crystals  imbedded  in  a  fine  -fibrous  groundmass. 
These  hornblendes  are  usually  in  short  stout  prisms  but  little 
elongated  in  the  direction  of  the  vertical  axis.  They  are  rarely 
more  than  half  a  millimeter  in  length  and  the  average  are  not 
more  than  half  this  siae.  They  are  cpmmonly  not  completely 
idlomorphic,  although  sometimes  they  are.  The  prismatic 
planes  are,  however,  very  generally  quite  distinct,  but  the  ter- 
minal faces  are  not  so  of  ten  well  developed  and  are  usually  en- 
tirely absent.  The  hornblende  is  of  the  usual  green  variety, 
although  some  crystals  are  inclined  to  a  brownish  shade.  Its 
pleochroism  is  quite  distinct,  a  being  light- greenish  yellow, 
|>  olive  green  to  brownish,  and  c  bluish  green.  The  absorption 
formula  is  ob>a.  although  the  rays  vibrating  parallel  to  c 
and  b  are  nearly  equally  absorbed,  and  the  color  is  frequently 
almost  the  same  in  the  direction  of  both  of  these  axes. 

The  ends  of  many  of  the  hornblende  crystals,  as  stated  above, 
show  no  terminal  planes,  but  they  have  fibrous  prolongations 
running  out  into  the  groundmass.  These  fibrous  ends  are  com- 
monly not  sharply  marked  oft  from  the  crystal  proper  and  no 
line  can  be  drawn  between  them,  the  fringe  being  of  the  same 
color  as  the  restlof  the  crystal  and'  optically  continuous  with 
it.  It  however  happens  that  some  of  the  hornblendes,  es- 
pecially those  of  a  brownish  shade,  show  sharp  terminal  planes, 
beyond  which  is  tHe  fibrous  growth  optically  continuous  with 
the  crystal;  but  this  fringe  is  of  a  different  shade  from  thecrys- 
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tal  proper,  being  greenish  instead  of  brownish.  These  fringes 
are  always  confined  to  the  ends  of  the  crystals  and  are  not  seen 
on  the  prismatic  planes 

The  fringes  of  hornblende  fibers  closely  resemble  the  sec- 
ondary enlargements  of  hornblende  grains  and  crystals  de- 
scribed by  C.  E.  Van  Hise*  and  they  also  appear  very  similar  to 
those  figured  from  the  Menominee  region  of  Michigan  by  G. 
H.  Williams,  who  considers  them  not  to  be  secondary  enlarge- 
ments but  "the  resultof  bleaching  and  fraying  out  of  originally 
compact  homblenda"t  It  seems  to  the  writer  that  the  fibrous 
rims  In  the  green  schist  under  consideration  are  due  to  enlarge- 
ment or  a  second  period  of  hornblende  growth,  as  the  rock  is 
perfectly  fresh  and  shows  no  evidence  that  the  hornblende  has 
suffered  bleaching. 

The  groundmass  of  the  green  schist  is  quite  fine  and  is  com^ 
posed  almost  entirely  of  interlacing  fibers  of  hornblende. 
There  are  also  small  areas  of  colorless,  weakly  refracting, 
substance  which  is  apparently  saussurlte;  the  hornblende  fibers 
pehetrate  this  in  all  directions.    ' 

The  original  nature  of  the  green  schist  is  not  very  evident. 
That  it  is  a  water  deposit  is,  however,  clear.  As  already  men- 
tioned it  often  shows  distinct  sedimentary  lamination  and  the 
laminze  are  frequently  seen,  where  the  rock  has  been  more  or 
less  crumpled,  running  in  wavy  lines  at  various  angles  to  the 
schistose  structure.  The  difference  between  the  laminee 
appears  usually  only  on  weathering,  as  some  are  more  resistant 
than  others.  One  thin  section  cut  across  the  lamination  and 
schlstosity.  where  these  are  parallel,  shows  many  cross  sections 
of  hornblende,  thus  proving  that  a  considerable  number  of  the 
hornblende  crystals  have  their  vertical  axes  lying  approxi- 
mately parallel  to  the  schistose  planes  of  the  rock.  To  the 
cleavage  of  these  crystals  is  due,  at  least  in  some  measure,  the 
schistose  structure  of  the  green  schists.  This  section  also 
shows  two  laminee,  the  only  difference  between  them  being 
that  in  one  the  hornblendes  are  noticeably  larger  and  that  there 
is  a  small  amount  more  of  the  saussurite  substance  than  in  the 
other.  It  seems  improbable  that  the  fresh  and  sharply  outlined 
crystals  of  hornblende  should  have  been  deposited  in  that  state, 
and  so  the  rock  appears  to  have  been  entirely  recrystallized 
from  ite  original  condition.     If  such  is  the  case  there  would 

uneoU  ot  horDbleode  frogmeDts;  Amei.Jour  Sot.,  S,  vol.  in.  pp.  2U-St. 
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seem  to  have  been  two  periods  of  hornblende  formation,  to  the- 
second  of  which  belong  the  flbroas  enlargements  of  the  crys- 
tals and  very  likely  the  Sbrous  groundmass. 

The  occurrence  of  sharply  outlined  crystals  of  hornblende  of 
secondary  origin  in  a  clastic  rcxtk  has  already  been  mentioned. 
Reusch*  has  described  a  conglomerate  from  Norway  in  which 
there  are  hornblende  needles  ("  epigenetic  hornblende")  lying 
in  the  matrix  of  the  conglomerate,  and  also  running  from  the 
matrix  into  the  pebbles,  thus  proving  the  secondary  origin  of 
the  hornblende. 

As  to  just  what  ^as  the  nature  of  the  original  sediment 
which  formed  the  green  schist  it  is  impossible  to  decide,  but  it 
seems  probable  that  it  was  a  fine  water  deposited  volcanic  aah, 
now  entirely  recrystallized.  This  idea  is  strengthened  by  the 
face  that  these  green  schists  are  rather  intimately  connected 
with  the  next  rock  type, — an  undoubted  tuff, — and  the  two 
grade  together;  and  in  the  latter  are  also  found  similar  crystal- 
lizations of  hornblende. 

Volcanic  tuff. 

Extending  along  the  central  part  of  the  north  shore  of  Eeke- 
quabic  lake  and  separated  from  the  water  by  a  narrow  belt  of 
green  schist,  is  a  prominent  ridge  ending  on  the  east  in  Mall- 
mann's  peak.  This  ridge  is  made  of  hard  tough  rock,  which, 
excepting  at  its  eastern  end,  is  different  from  any  rock  in  the 
vicinity.  It  varies  much  in  general  appearance  but  is  usually 
of  a  greenish  color  with  an  aphanitic  base  in  which  are  seen 
numerous  lighter  blotches  and  changes  of  color.  Between 
these  blotches,  and  sometimes  in  them,  are  black  crystals  of 
hornblende.  Pyrite  is  also  quite  commonly  seen.  In  certain 
places  rounded  and  subangular  pieces  of  quartz  and  argillyte 
are  embraced  in  the  rock,  and  it  is  also  seen  gradingin  to  the 
green  schists.  Parallel  bandings  similar  to  sedimentary  lamina 
also  occur,  sometimes  quite  abundantly,  but  usually  the  rock 
shows  no  structural  planes  of  any  kind,  nor  any  schistose  or 
slaty  cleavage. 

In  thin  section  this  rock  varies  much,  but  its  fragmental 
character  is  easily  discernible.  The  original  nature  of  the 
fragments,  which  are  usually  angular,  is,  however,  not  very 
evident  owing  to  alteration  and  the  development  of   second- 
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My  minerals  in  the  rock,  hot  it  seems  that  a  porphyryte  forms 
most  of  these  fragments.  Between  the  fragments  aod  form- 
iag  the  groundmass  of  the  rock,  and  often  in  the  fragments 
themselves,  are  many  hornblendes  similar  to  those  in  the  green 
schist.  And  there  are  also  areas  of  secondary  hornblende 
filling  in  old  crystal  outlines;  what  these  crystals  originally 
were  is  not  clear,  although  they  probably  were  pyroxenes. 

That  the  Keewatin  rocks  northwest  of  take  Superior  are  to  a 
considerable  extent  composed  of  volcanic  (effusive)  material 
has  been  stated  already  by  G.  M.  Dawson,** A.  C  Lawsonf  and 
N.  H.  Winchell.  Although  the  material  of  much  of  the  Eeewa- 
tin  in  Minnesota  has  been  assumed  to  be  volcanic  luff  and  finely 
divided,  water-deposited  ash,  still  the  actual  number  of  places 
where  the  rocks  have  been  shown  to  be  composed  of  such  vol- 
canic matter  is  very  small.  M.  E.  Wadsworth  has  described  a 
few  sections  of  fragmental  volcanic  rocks — porodytest— ,  and 
N.  H.  Winchell  has  given  an  account  of  an  agglomerate  from 
Ely.g  Aside  from  these  the  writer  knows  of  no  descriptions  of 
rocks  from  the  Keewatin  of  Minnesota  that  are  clearly  shown 
to  be  of  volcanic  origin.  That  some  of  the  rocks  abou£  Keke- 
quabic  lake,  especially  the  green  scbiste,  were  composed  of 
fragmental  volcanic  material  has  been  suggested  before,  j 


Gonglomerate. 

While  conglomeratic  patches  of  very  limited  extent,  holding 
only  small  pebbles,  are  found  at  various  places  in  the  rocks  al- 
ready described,  especially  in  the  green  schists,  still  these 
areas  have  never  been  large  enough  or  common  enough  to  ^- 
titlp  the  rock  to  be  designated  as  a  conglomerate.  However,  a 
conglomerate  containing  numerous  rounded  and  closely  crowded 
pebbles,  which  often  reach  a  size  of  over  a  foot  in  diameter, 
occurs  near  the  south  shore  of  Kekequabic  lake  at  its  narrowest 
point.  There  has  been  no  unconformity  found  between  this 
rock  and  the  finer  grained  non-conglomeratic  rocks  near  it,  al- 
though the  bedding  in  the  conglomerate  is  obscure;  and  it 
seems  to  grade  into  the  other  rocks  by  simple  loss  of  it£  peb- 

■  British  N.  A.  BouDdary  Commtwlon.  ISK. 
t  Qeol.  Surv.  of  CbdMIa.  toL  111,  pt.  1, 1888. 

t  Ibid.,  Bou.  Mo.  1,  im. 
I  Atuer.  Geol.,  vol.  Ix.  pp.  36e-3«a.  Juoe.  1802. 

I  N.  U.  Wlnobell.  OeoLKDd  Xnt.  Hlat.  Burr.otJIHlDQ.,  Itlth  (18BT)  Aon.  Rapt.,  p. 
108.1888. 
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bles.  This  conglomerate  is  part  of  what  has  been  termed  the 
Ogishke  Muncie  or  simply  the  Ogishke  conglomerate.  It  has 
been  frequently  described  and  discussed  as  far  as  our  present 
knowledge  of  it  will  allow,  and  consequently  it  need  not  be 
further  spoken  of  here.  The  reader  is  referred  to  a  paper  by 
the  writer  where  full  references  are  given  to  the  descriptions 
of  this  conglomerate  and  to  the  ideas  that  have  been  advanced 
concerning  its  stratigrapbic  relationships* 

■    THE  IGNEOUS   ROCKS. 

There  are  four  distinct  types  of  igneous  rocks  represented 
within  the  area  treated  in  this  paper.  In  order  of  their  proba- 
ble ages  they  are:  porphyryte,  granite,  diabase  and  gabbro. 
Of  these  the  first  two  have  been  made  subjects  of  somewhat  de- 
tailed  investigation,  the  results  of  which  are  contained  in  the 
two  following  chapters.  The  other  two  types  of  igneous  rocka 
are  developed  within  the  area  stadied  only  to  a  small  extent,  and 
they  are  therefore  given  but  a  brief  description  in  this  place. 

Diabase. 

Diabase  is  found  in  this  area  only  iu  vertical  dykes  which  do 
not  form  any  very  prominent  features  of  the  country.  These 
dykes  are  of  later  age  than,  and  cut  all  the  other  rocl£s  of 
this  region,  with;  the  possible  ezception  of  the  gabbro.  The 
most  westerly  occurrence  of  diabase  la  at  the  base  of  the 
small  promontory  in  Kekequabic  lake  in  the  S.  TV.  i  section 
8,  T.  64  N.,  R.  4  W.  Here  this  rock  was  seen  only  in  one 
place  and  the  direction  of  the  dyke  is  not  known.  A  dyke 
thirty  feet  in  width  is  found  along  the  south  shore  of  Spoon 
lake  in  the  S.  E.  i  section  26,  T.  65  N. ,  R.  i"  W. ;  its  direction  is 
N.  40°  E,,  and  It  Is  again  seen  a  short  distance  to  the  northeast 
cutting  across  a  point  on  the  north  shore  and  forming  the  cen- 
ter of  a  low  ridge.  Just  to  the  west  of  this  place  and  on  the 
north  side  of  the  same  lake  is  a  fine  grained  dyke  three  feet 
wide;  this  runs  almost  at  right  angles  to  the  oiher.  On  the 
eastern  half  of  Kekequabic  lake  are  three  dykes  with  a  nearly 
north  and  south  direction;  each  is  seen  on  both  sides  of  the 
lake.  The  most  westerly  is  in  the  N.  W.  i  section  31,  T.  65  N., 
R.  6  W. ,  and  the  most  easterly  is  seen  on  the  north  shore  in  the 
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S.  W.  i  section  29  and  on  the  sonth  shore  in  the  N.  W.i  section 
32,  T.  65  N.,  K.  6  W.  The  other  crosses  the  lake  just  east  of 
Mallmann's  peak;  it  appears  above  the  water  twice  in  its  course 
across  the  lake  and  forms  two  small  islands;  this  dyke  has  been 
described  by  N.  H.  Winchell*  and  by  A.  WinchelLt  ■ 

Joat  east  of  the  centre  of  section  32,  T.  65  N.,  R,  6  W.,  is 
another  dyke  running:  north  and  south,  which  has  been  traced 
but  a  short  distance.  Near  the  southwestern  end  of  Epsilon 
lake  are  two  more  dykes;  the  smaller  one,  fifteen  feet  wide, 
runs  in  a  northwesterly  direction  and  is  seen  on  both  sides  of 
the  lake.  The  other  is  the  largest  seen  in  this  region,  being 
over  150  yards  in  width.  It  is  very  coarse  grained  in  the  centre, 
and  sends  o9  small  branching  dykes  into' the  surrounding  rock. 

A  thin  section  of  the  diabase  from  the  most  easterly  of  the 
dykes  that  cross  Kekequabic  lake  shows  the  rock  to  be  a  coarse 
ophitic  aggregate  of  plagioclase  and  a  pinkish  augite.  There 
is  considerable  iron  ore,  probably  magnetite,  present  and  large 
amounts  of  secondary  hornblende  have  been  deveIoped,not  only 
as  replacements  of  part  of  the  augite  but  also  in  numerous  films 
all  through  the  section.  The  plagioclase  is  in  places  undergo- 
ing alteration  to  sericite.  A  section  from  the  larger  of  the  two 
dykes  on  Spoon  lake  is  of  medium  grain  and  contains  a  very 
large  proportion  of  augite,  which  however  does  not  show  as 
pronounced  a  pinkish  tinge  as  that  in  the  other  section.  Much 
of  the  plagioclase  appears  cloudy  in  ordinary  light  and  under 
crossed  nicols  is  seen  to  have  largely  altered  to  sericite.  Sec* 
ondary  hornblende  is  not  as  common  as  in  the  other  dyke. 


ffo66ro. 

This  type  of  igneous  rock  occurs  only  along  the  southern 
side  of  the  area  studied.  The  gabbro  is  quite  coarse  grained 
and  shows  many  variations,  which  have  been  described  already 
quite  fully,  and  no  further  mention  of  it  need  be  made  here  ex- 
cept to  refer  to  Irving's  descriptiong  and  to  those  in  the  reports 
of  the  Geological  and  Natural  History  Survey  of  Minnesota.! 

•  Geol.  >nd  Mat.  Hist.  Surve;  of  Htno..  ISth  (188<}  Add,  Bept..p.  3W,  1B8T.  lOth 
(IBST)  Ann.  Rapt.,  p.  VH.ISSS. 

t  Ibld.,Uth  (!«»]  Ano.Bept..  p.  1)3,1887. 

I  Tbe  oopper-bekrinK  rocks  ot  LnkeBnperlor;  tl.S.Qeol.  Survey,  Hon.  V,  pp.ST-Sl, 
1884. 

+BBlieclall7  Balletlns  Nos.  3  aDd  0;  also  some  o(  tbe  Annual  Reports. 
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However,  it  will  be  of  interest  to  speak  briefly  of  a  peculiar 
rock,  which  is  mapped  as  a  contact  rock  of  the  gabbro.  This 
has  been  mentioned  many  times  in  the  reports  of  the  Minnesota 
Survey  as  "muscovado."  It  is,  as  usually  seen,  a  brownish, 
fine  grained,  granular,  rock  which  easily  crumbles  under  the 
hammer;  this  is,  however,  only  the  weather  parte  of  the  rock, 
and  in  fresh  exposures  it  is  dark  gray,  of  granitic  texture  and 
rather  fine  grain.  This  rock  is  confloed  to  the  northern  limits 
of  the  gabbro  and  is  seen  iu  many  places  along  this  line  and  to 
the  south  of  it.  It  is  now  known  that  part  of  the  rocks  included 
under  the  term  '  'muscovado"  are  altered  portions  of  the  Keewa- 
tin  sediments,  probably  metamorphosed  by  the  action  of  the 
gabbro.  Such  rocks 'can  be  especially  well  seen  on  the  east 
shore  of  Gabimichigama  lake  in  section  32,  T.  65  N.,  B.  5  W. 
On  the  other  hand  it  seems  very  probable  that  large  parts  of 
the  so-called  "muscovado"  will  be  found  to  be  fine  grained  gab- 
bros; — perhaps  a  facies  of  the  gabbro  presented  near  its  con- 
tact with  the  underlying  rocks,  or  fine  grained  gabbros  of  a 
little  earlier  date  than  the  main  coarse  grained  gabbro  mass. 
Sections  of  such  rocks  show  them  U.>  be  nothing  but  fine  grained 
gabbros.. 


DRIFT  DEPOSITS. 

From  the  gabbro,  which  is  of  Keweenawan  age,  there  are  no 
evidences  of  any  other  geological  formations  having  i>een  de- 
posited in  this  region  until  coming  to  the  drift  However,  near 
the  northern  edge  of  the  gabbro  and  considerably  farther  west 
Cretaceous  strata  have  been  recently  found  and  it  is  possible 
that  these  deposits  once  existed  much  farther  east  in  north- 
eastern Minnesota  than  they  are  now  known.*  Traces  of  gla- 
cial action  are  very  evident  in  many  rounded  knobs  of  ice- 
scored  rock  and  in  scanty  deposits  of  sand,  gravel  and  boul- 
ders. The  tops  of  the  highest  hills  show  glacial  strisQ  and 
often  are  more  or  less  strewn  with  foreign  boulders.  There 
are.  however,  no  recognized  moraines  about  Kekequabic  lake, 
and  wherever  the  drift  is  present  it  is  at  most  of  only  a  few 
feet  in  thickness. 

•B.  V.  WlDChell.   Note  on  Oretaoeona  In  northern  Hltutesota;  Amer.  Oeologtst.  vol. 
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AGES  OP  THE  DIFFERENT  ROCKS. 

The  rocks  aroand  Eekequabic  lake,  excepting  the  gabbro  and 
diabase,  have  been  considered  in  the  reports  of  the  Minnesota 
Survey  as  belonging  to  the  Keewatin;  this  is  the  Minnesota 
equivalent  of  the  Lower  Huronian,  as  that  term  is  used  by  the 
United  States  Gieological  Survey.*  To  this  series  woald  be  re- 
ferred the  slate  formation,  the  green  schist  and  the  volcanic 
tuff,  which  seem  intimately  connected^  with  each  other  and  are 
probably  the  oldest  rocks  in  the  area  studied.  The  conglom- 
erate contains  numerous  well  rounded  pebbles,  many  of  which 
are  similar  to  some  of  the  Keewatin  rocks,  and  it  seems  to  be- 
long to  a  newer  series,  although  as  yet  no  unconformity  has 
been  seen  between  this  conglomerate  and  the  other  rocks. 

That  this  conglomerate  is  a  conformable  part  of  the  Keewatin 
is  the  view  of  N.  H.  and  A.  Winchell,  while  Lawson  holds  the 
same  view,  bat  regards  it  as  representing  a  newer  infolded  part 
of  this  series,  probably  separated  from  the  rest  of  the  Keewatin 
rocks  by  an  unconformity.  Van  Hise  considers  the  cooglome- 
'  rate  to  belonging  to  a  newer  series, — the  Animikie  (Upper  Hu- 
ronian), — which  is  separated  from  the  Keewatin  (Lower  Huro- 
nian)  by  a  marked  onconformity.  The  writer  is  inclined  to  the 
view  of  Lawson,  i.  e.  that  the  conglomerate  is  part  of  the  Kee- 
watin, probably  separated  from  the  lower  part  of  that  series  by 
an  unconformity,  and  that  it  is  much  older  than  the  Animikie.t 

An  unconformity,  considered  to  exist  between  Keewatin 
schist  and  Animikie  slate,  has  been  described  by  A.  Winchell 
on  the  northeastern  shore  of  Epsilon  lake,X  just  outside  the 
area  mapped  in  this  paper.  This  unconformity  has  not  been 
recognized  al>out  Kekequabic  lake. 

From  our  present  knowledge  we  have  no  positive  proof  that 
there  is  more  than  one  series  of  clastit:  rocks  in  the  Kekequabic 
lake  area,  but  there  are  certain  facts  which  suggest  the  possi- 
bility of  two  unconformable  series  being  here  represented.  The 
clastic  rocks  of  the  whole  region  havebeen  subjected  to  severe 
folding  and  have  in  many  places  acquired  secondary  structures, 
so  Uiat  the  exact  structure  and  sequence  can  be  determined 

OorrelnUoa  Papers— A  rob  kbd  aod  AlgoaklsQ;  O.  B.  Geol. 

t  Retereuoes  to  the  views  oonoernlng  the  age  of  the  OKlshke  oonglomerate  will  tie 
found  In  (be  writer's  pBl>er  "The  Btratlgraphlc  poaltloo  at  the  OglBhka  ooDglomenkte 
of  northekatem  Ulnnesota;"  Amer.  QeolosUt.  vol,  x,  no.  2,  pp,  4-10.  Jul;.  ISQg. 
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only  by  careful  and  detailed  work-  Future  investigations  may 
show  that  the  whole  is  one  conformable  series,  or  that  there  are 
two  unconformable  series,  to  the  younger  of  which  belongs  the 
conglomerate,  and  perhaps  some  of  the  other  rocks. 

The  porph^ryte  has  been  regarded  as  of  Keewatin  age  and 
there  is  nothing  to  show  that  the  granite  cut  rocks  of  amore  re- 
cent age  than  the  Keewatin.  Thegabbrois  usually  regarded  as 
of  early  Keweenawan  age.  The  age  of  the  diabase  dykes  is  not 
known;  they  were  perhaps  cotemporaneous  with  the  great 
diabase  intrusions  in  the  Animikie,  which  have  been  referred 
to  Anituikie,  Keweenawan,  and  perhaps  even  to  Silurian"  time. 

The  porphyrite  and  granite  do  not  show  the  results  of  hav- 
ing been  subjected  to  intense  dynamic  action,  like  periferal 
granulation  of  the  grains  or  the  production  of  a  schistose 
structure,  except  that  the  quartz  sometimes  shows  undulatory 
extinction.  However,  the  harder  and  more  resisting  parts  of 
the  elastics, — the  graywacke,  volcanic  tuff  and  conglomerate, — 
also  often  show  no  structures  produced  by  dynamic  agencies, 
but  they  were  certainly  present  during  the  folding  of  the  re- 
gion. So  the  two  igneous  rocks  just  mentioned  may  be  of 
earlier  date  than  the  folding.  From  his  present  knowledge 
the  writer  regards  the  porpbyryte  as  cotemporaneous  with  the 
deposition  of  the  volcanic  tufF  and  the  green  schist,  and  the 
granite  as  dating  from  the  folding.  The  diabase  dykes  are 
clearly  later  than  both  the  poi-phyryte  and  the  granite,  and  are 
also  certainly  of  more  recent  date  than  the  folding. 

The  foUowiog  table  gives  the  ages  of  the  rocks  represented 
around  Kekequabic  lake.  On  the  left  are  given  the  age  Cerms 
used  by  the  Geological  and  Natural  History  Survey  of  Minne- 
sota, and  on  the  right  those  of  the  United  States  Geological 
Survey.  However,  as  before  stated,  the  diabase  may  not  be- 
long where  it  is  placed^  and  the  conglomerate,  with  perhaps 
some  of  its  associated  rocks,  may  prove  to  be  later  than  the 
Keewatin  (Lower  Huronian).  If  the  latter  is  the  case,  there 
wei-e  probably  two  periods  of  folding,  f 
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CHAPTER  III. 

THE  GRANITE. 

The  granite,  which  forms  the  principal  object  of  this  inves- 
tigation is  of  an  annsual  and  interesting  t^pe,  being  an  augite 
granite  containing  sufficient  alkali  to  impart  as  acmitelike 
habit  to  the  pyroxene,  but  not  enough  to  prevent  the  crystal- 
lization of  free  silica.  The  author  has  already  published  a 
preliminary  description  of  this  granite,  which  description, 
however,  is  devoted  only  to  the  petrography  of  the  rock.* 

OCCDRRENCB. 

The  granite,  with  the  two  exceptions  mentioned  below,  is 
confined  to  a  roughly  oval  area,  whose  major  axis  {east  and 
west)  is  about  three  and  a  halt  miles;  the  minor  axis  being  less 
than  two.  It  occupies  most  of  the  S.  W.  i  section  31,  T,  65  N,  R.  6 
W.,  the  S.  iotS.  i  section  36,  T.  65  N.,  R.  7  W.,  nearly  all  of 
section  1,  all  the  land  in  section  2  and  most  of  the  land  in  sec- 
tion 3.  T.  64  N..  R.  7  W.  The  only  exceptions  to  the  oval 
outline  of  the  area  occupied  by  the  granite  are:  (1.)  A  narrow 
band  of  granite,  or  what  appears  to  be  such,  running  out  from 
the  main  mass  along  the  south  shore  of  Eekequabic  lake,  In 
section  31,  T.  65  N. ,  R.  6  W.  (2.)  Small  isolated  granitic  bosses 
found  in  the  clastic  rocks,  mostly  to  the  north  of  the  main  mass 
of  the  granite.  The  rock  of  these  areas  makes  up  the  porphy- 
ritic  facies  of  the  granite.  In  this  connection,  and  before 
proceeding  farther,  it  might  be  well  to  state  that  the  graqite  is 
separated  into  two  principal  facies, — a  granitic  and  a  porphy- 
ritic, — which  are  rather  distinct  in  the  field. 

On  all  sides,  except  at  the  southwest,  the  outlines  of  the 
granite  area  can  be  pretty  definitely  traced,  and  we  can  tebl 
sure  that  its  surface  area  is  about  all  exposed.  But  at  the 
southwest  the  gabbro  contact  rocks  come  up  to  the  granite.  If 
n  Ulnaesotu;  Amer.  Geologist,  vol,  xi,  do.  6, 
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these  rocks  are  part  of  the  gabbro  which  extends  over  the  old 
granite  surface,  it  is  possible  that  there  ia  an  area  of  granite 
now  concealed  nnder  the  gabbro  and  its  contact  rocks  to  the 
southwest.  But  this  is  rendered  rather  improbable  for  two 
reasons:  (1.)  The  general  outline  of  the  granite  area  and  the 
fact  that  the  clastic  rocks  of  the  region  are  found  both  on  the 
south  and  west  would  seem  to  indicate  that  they  were  continu- , 
ous  around  the  southwestern  edge  of  the  granite  boundary. 
(2.)  It  is  not  yet  certain  that  the  gabbro  contact  rocks  which 
here  come  up  to  the  granite  are  not  the  elastics  of  the  region 
metamorphosed.  There  are  no  other  known  exposures  of 
granitic  rocks  within  several  miles  of  the  Kekequabic  lake 
granite,  excepting  one  small  outcrop  (syenite)  in  the  midst  of 
the  gabbro  near  the  center  of  the  S.W.iof  section  1],  T.  (HLN.., 
R.  7  W.* 


PARALLEr>  STRUCTURES. 

One  of  the  first  features  of  the  granite  which  attracts  atten- 
tion is  its  separation  along  roughly  parallel  planes.  The  lay- 
ers thus  formed  vary  from  an  inch  to  ten  or  more  inches  in 
thickness,  and  the  same  layer.varies  in  thickness  within  a  short 
distance.  No  difference  in  petrographical  character  between 
the  different  layers  can  be  made  out,  nor  is  there  any  arrange- 
ment, macroscopically  visible,  of  the  constituent  minerals  of 
such  a  kind  as  to  cause  splitting  along  these  planes.  And 
there  seems  to  be  no  tendency  toward  an  indefinite  separation 
into  finer  and  finer  layers.  In  some  cases  small  quartz  veins 
are  to  be  seen  between  the  different  layers,  but  usually  there  is 
nothing  visible  except  a  simple  undulating  crack.  Thin  sec- 
tions of  the  rock  cut  at  right  angles  to  this  cleavage  show  no 
evidence  of  any  parallel  arrangement  of  the  minerals  nor  of 
any  microscopical  faults  or  fault  breccias,  to  which  cause  the 
rifting  of  certain  granites  is  due.f 

The  cleavage  of  the  granite  of  Kekequabic  lake  has  been 
described  and  figured^  but  no  explanation  of  its  origin  was 
given.  It  was  provisionally  called  flowage  structure,  but  there 
is  no  evidence  of  such  a  structure  in  the  rock.     It  seems  to 

*Oeol.  &□<]  Nat.  Hist.  Survey  ot  Hlon..  IDtli  as«l)  Ann.  Sept.,  p.  i».  IBgS. 

-tK.  3.  Tarr.  The  phenomenoa  of  rlfttng  InEranltei  Amer.  Jour,  8cl..  3.  vol.  ill,  pp. 
KJ-772.  Apr.  IWl. 

tOeol.  aud  Nat.  HIat.  Surrey  ot  Hlnii„  IKtta  (I8W)  Ann.  Bept..  pp  3«I-38S.  Bks.  SI  Kid 
53,1887.    30th  (18011  Ann.  Rept..  pp.  70-TI.  Sg.S.  1803. 
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the  writer  this  separatlou  into  sheets  is  probably  due  to  joint- 
a^  caused  by  contractioa  in  cooling.  While  this  cleavage  is 
in  places  very  pronounced,  it  is  still  not  to  be  seen  over  most 
of  the  granite  area.  It  is  found  in  its  best  development  on 
some  of  the  smaller  islands  in  the  western  part  of  Kekequabic 
lake  in  section  3,  T.  64  N.,  R.  7  W.  Here  the  parallel  layers 
dip  toward  the  north  at  angles  varying  in  different  outcrops 
from  10"  to  40°,  but  on  the  little  point  in  the  S.  E.  i  of  S.  W.  i 
secUon  2,  T.  64  N.,  R.  7  W.,  the  dip  is  towald  the  south  10°  to 
15°.  No  general  direction  nor  regularity  in  this  dip  has  been 
seen. 

It  will  be  noticed  that  in  the  previous  descriptions  of  this 
granite  it  has  been  frequently  called  "fine  syenitic  gneiss," 
"chlorite  gneiss"  or  simply  "gneiss,  "•  thus  implying  that  there 
was  some  evident  gneissic  strooture  in  the  rock.  However, 
aside  from  that  described  above,  the  writer  has  been  able  to 
detect  no  evidence  of  any  parallel  structures  in  the  rock;  there 
are  no  alternating  bauds  of  different  mineral  composition,  nor 
are  the  mineral  grains  uniformly  elongated  in  a  common  direc- 
tion. Wherever  examined  the  rock  presents  a  truly  massive 
aspect.  The  only  thing  to  suggest  a  parallel  arrangement  of 
the  minerals  is  in  small  areas  of  the  porphyritic  facies  of  the 
granite,  where  Some  of  the  feldspar  phenoerysts  are  arranged 
with  their  long  axes  roughly  parallel,  due  to  movement  in  the 
mass  before  solidification  and  after  the  formation  of  the  pheno- 
erysts. In  support  of  the  above  statements  concerning  the 
absence  of  gnessic  structure  in  the  granite  it  may  be  well  to 
quote  the  following  from  N.  H.  Winchell's  second  report  on 
Kekequabic  lake:  "This  [the  -  granite]  has  been  called  gneiss 
this  year  and  last,  but  it  needs  a  word  of  qualification.  It  is 
not  the  real  gneissic  structure,  or  foliation  supposed  to  be  due 
to  original  sedimentary  bedding.  It  has  acquired  a  sheeted 
structure,  but  in  general  it  is  a  massive  rock,  showing  varia- 
tions due  to  the  original  conglomeritic  state  of  its  materials,  as 
already  described.  Where  it  passes  into  the  porphyry  it  is 
more  compact  and  more  firm  than  when  it  is  not  porphyritic.  "f 

The  only  other  parallel  structure  heretofore  noted  in  the 
granite  is  that  due  to  traces  of  an  original  sedimentary  banding 
'  — considering  the  granite  as  a  highly  metamorphosed  conglom- 

•N.  B.  WlDohBll.    Ibid.,  IGth  (1888)  Aon.  Bept.,  pp.  3«l-3aa,IB87.    ISth  (1B8T)  Add.  Sept., 
pp.  1411-IBa,  tf88. 
A.  Wlncbell.  Tbtd„  I5th  (18M}  Add.  Sept.,  pp.  m-t&,  U8T. 
tlbld.  UthdeSDAQD.  Rept„p,10t,lSS8. 
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erate.  The  remains  of  this  Btructure  were  noted  in  one  place, 
as  follows:  "There  is  visible  sometimes  not  only  a  conglom- 
eritic,  but  a  sedimentary  banded  structure,  dipping  60°  from 
the  horizon,  south  10°  west."*  The  writer  can  only  say  that 
he  has  been  unable  to  find  any  traces  of  an  original  sedimen  t- 
ary  banding,  qt  anything  that  would  suggest  it,  in  the  granite  . 


FIELU  RELATIONS  OF  THE   GRANITE. 

In  this  section  it  is  proposed  to  briefly  outline  the  general 
relations  of  the  granite,  as  seen  in  the  field,  to  its  own  facies 
and  to  the  other  rocks  by  which  it  is  surrounded. 

Field  relatwriB  of  the  granite  to  its  own  facies. 

As  already  stated  there  are  two  important  facies  of  the 
granite, — a  normal  granitic  and  a  porphyritic  The  porphy- 
ritic  facies  occurs  in  isolated  bosses  without  the  limits  of  the 
granite  proper  and  is  usually  separated  from  it  by  the  country 
rock.  In  a  few  placed  the  two  facies  approach  near  to  each 
other,  but  are  not  seen  in  actual  contact.  Here  no  evidence  of 
a  transition  between  the  two  is  seen,  each  retaining  its  own 
characters  as  near  together  as  they  were  exposed.  Only  one 
contact  has  been  seen  between  these  two  facies  of  the  granite; 
here  in  a  small  exposure  branching  vein-like  forms  of  the 
granite  porphyry  cut  the  granitic  facies  From  this  it  would 
appear  that  the  porphyritic  facies  is  of  some  later  date  than 
the  main  mass  of  the  grauite.  The  two  rocks  agree  so  well  in 
chemical  and  mineralogical  composition,  which  will  be  men- 
tioned later,  that  it  seems  impossible  to  consider  them  as  any- 
thing but  parts  of  the  same  magma.  The  writer  is  inclined  to 
think  that  the  porphyritic  facies  is  of  but  little  later  date  than 
the  granitic  facies  and  perhaps  was  erupted  before  the  com- 
plete cooling  of  the  latter. 

In  the  N.  W.  i  section  2,  T.  64  N.,  R.  7  W..  is  a  small  island 
made  up  mostly  of  the  normal  grauite,  but  with  a  porphyritic 
aspect.  At  the  north  end  of  the  island  is  a  dark  gray  to  green- 
ish rock,  which  is  called  the  poikilitic  facies  of  the  granite- 
This  is  cut  in  all  directions  by  vein-like  forms  of  the  granite 
and  angular  fragments  of  the  dark  rock  are  found  imbedded  in. 
the  granite  mass.     The  granite  where  it  cats  the  other  rock  is 

■Ibid.,  IStb  (ISM)  Aon.  Rept.,  p.  MZ,  188T. 
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Bome^at  finer  grain  than  at  a  short  distance  from  this 
place. 

A  peculiar  facies  of  the  granite  is  foond  in  the  narrow  strip, 
which  runs  along  the  south  shore  of  Kekequabic  lake  in  the 
east  half  ofsectlonSl,  T.65N.,R.6W.  This  is  somewhat  differ- 
ent from  the  normal  granite,  but  nevertheless  seems  to  gi-ade 
into  it.  This  facies  of  the  granite  is  called  the  homblendic 
facies. 

Aside  from  the  four  phases  of  the  granite  already  mentioned, 
there  is  another, — the  syenitic  facies.  This  is  not  as  distinctly 
separated  from  the  normal  granite  as  are  the  others,  but  it 
forms  an  important  part  of  the  granite  mass.  In  many  places 
by  a  simple  gradual  loss  of  the  quartz,  the  granite  passes  into 
an  augite  syenite.  These  areas  of  syenite  occur  most  fre- 
quently on  the  hills  in  sections  1  and  2,  T.  64  N.,  R  7  W. 

Field  relations  of  the  granite  to  the  surrounding  rocks. 

TranaitiOTis. — In  former  descriptions  it  has  been  supposed 
that  "this  granite  in  places  passes  gradually  into  the  gray- 
wackes  and  coDglomerates  of  the  region.  At  two  localities 
there  has  been  found  a  gradual  passage  from  the  granite  to 
rocks macroscopically  resemblingfine  graywackeor  graywacke 
slate.  The  first  of  these  is  on  the  northern  side  of  the  narrow* 
point  which  projects  from  the  west  shore  of  Kekequabic  lake 
in  the  S.  W.  i  of  N.  W.  i  section  3,  T.  64  N.,  R,  7  W.  Here 
within  a  distance  of  80  feet  there  is  a  gradual  transition  from 
distdnct  fine  grained  granite  into  a  rock  which  resembles  the 
'  graywacke  slates  of  the  region,  but  it  shows  no  lamination  and 
the  slaty  structure  is  notwell  developed.  Near  the  base  of  the 
promontory  in  the  S.  W.  i  of  S.  W.  i  section  20,  T.  65  N.,  R.  6 
W.,  is  an  apparent  transition  in  a  distance  of  a  foot  or  two 
from  the  phorphyritic  granite  to  a  graywacke-like  rock.  A 
series  of  specimens  has  been  collected  from  both  of  these 
places  and  mention  of  them  is  made  in  the  section  on  the  origin 
of  the  granite,  but  it  may  be  well  to  state  here  that  the  micro- 
scopical examination  in  no  way  confirms  the  idea  of  a  passage 
from  a  clastic  rock  to  the  granite. 

Contacts. — Around  the  edge  of  the  main  mass  of  granite  sev- 
eral exposures  have  been  found  showing  contacts  of  this  rock 
with  the  surrounding  sediments.  Perhaps  the  one  best  suited 
for  the  determination  of  the  relations  of  the  granite  to  the 
country  rock  is  near  the  center  of  the  W.  i  of  S.  E.  ^  section 
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1,  T.  64  N. ,  R.  7  W.     The  plan  of  this  exposure  is  shown  In  the 
bccompaQyJDg  sketch  (Fig.  2),  which  makes  the  relations  of  the 


Pio.2.   CODtaotorgTaDlUaDdarglllyte;  W.  »o(8.  E.  !i 
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two  rocks  sufficiently  plain.  The  granite  is  quite  sharply 
marked  off  from  the  country  rock,  which  is  here  a  dark  argil- 
lyte  in  which  the  bedding  is  obscure,  although  approximately 
parallel  with  the  main  line  of  contact.  In  the  other  contacts 
the  eruptive  character  of  the  granite  in  the  country  rock  is  not 
so  clearly  shown,  but  the  line  between  the  two  rocks  is  quite 
distinct  and  the  granite  is  of  a  finer  grain  at  the  contact  than 
at  a  distance  of  a  few  feet  from  it.  In  the  southwest  quarter  of 
section  31,  T.  6^  N.,  R.  6  W.,  a  mass  of  argillyte,  more  or  less 
altered,  is  seen  included  in  the  granite,  but  sharply  marked  off 
from  it. 

The  porphyritic  facies  of  the  granite  is  found  in  contact  with 
the  green  schist  and  conglomerate  in  several  places.  It  usuEklly 
sends  no  apophyses  into  these  rocks,  but  its  later  age  is  shown 
by  its  uniformly  finer  grain  at  the  contact  lines:* 

On  a  little  point  on  the  north  shore  of  Kekequabic  lake  (S. 
W.  i  section  34.  T.  65  N.,  E.  7  W.),  the  dark  argillyte  is  cut  by 
a  small  irregular  dyke  of  granite  porphyry,  which  sends  many 
stringers  into  the  argillyte  and  also  includes  fragments  of  it. 

■Tvo  of  those  caotoota  have  been  flgured  In  the  IGtb  (18SS  Ann.  Rept..  Oeol.  and 
Nat.  Biat,  Survey  at  Minn.,  pp.  154. 387.  IKT. 
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PETROGRA.PHICAT:,  DESCRIPTION   OF  THE  GRANITE. 
Macroaeopical. 

In  the  field  there  are  seen  to  be  two  quite  distinct  facies  of  the 
granite — the  normal  granite  andthe  granite  porphyry.  These 
present  some  microscopical  differences,  but  they  have  many 
characters  in  common.  The  normal  granite  is  of  a  medium  or  fine 
grain  and  a  dull  pinkish  color.  This  color  is  quite  characteristic 
of  the  rock  as  seen  in  most  of  the  outerops ;  it  is  due  to  the  color  of 
the  feldspar  which  is  the  predominating  mineral.  The  texture 
is  firm  and  compact.  In  somo  of  the  finer  grained  phases  it  is 
almost  impossible  to  distinguish  any  mineral  other  than  feld- 
spar, but  in  the  coarser  phases  are  also  seen  grains  of  a  darker 
mineral,  which  proves  to  be  augite,  and  quartz.  However  the 
last  is  not  very  evident  in  hand  specimens.  In  some  places, 
noticeably  in  the  N.  "W.  i  of  N.  W-  i  section  2,  and  the  prom- 
ontory in  the  S.  W.  i  of  S.  W.  i  section  3,  T.  64  N.,  R.  7  W.,  the 
granite  is  sub-porphyritic  with  feldspar  crystals.  These  phen- 
ocryste  are  often,  especially  at  their  centres,  of  a  little  lighter 
color  than  the  non-porphyritic  feldspar.  This  granitic  facies 
makes  up  the  main  mass  of  the  granite;  it  varies  little  in 
different  exposures. 

The  granite  porphyry  is  found  only  in  small  isolated  areas  in 
the  clastic  rocks  and  near  the  edge  of  the  area  of  normal 
granite.  It  is  distinguished  by  its  fine,  usually  aphanitic, 
groundmass  and  its  decidedly  porphyritic  aspect,  which  is  due 
to  numerous  white  or  fiesh  colored  feldspar  phenocryste  scat- 
tered indiscriminately  through  the  rock  mass.  There  are  also 
minute  short  stout  augite  prisms  and  occasional  brilliant  black 
biotite  scales  to  be  seen  in  the  groundmass.  The  feldspar 
phenocrysts  vary  in  size  in  the  same  hand  specimen  from  almost 
microscopic  dimensions  to  those  ten  or  fifteen  millimeters  in 
length.  The  smaller  ones  are  often  vety  closely  crowded 
togetiier  and  are  sometimes  arranged  more  or  less  in  lines  of 
flow.  At  one  locality  these  feldspars  are  very  large  and  con- 
spicuous, sometimes  reaching  a  length  of  over  twenty  millime- 
teirs.  The  only  exception  to  the  white  or  fiesh  color  of  these 
phenocryste  is  on  the  northern  side  of  the  small  island  in  the 
S.  W.  i  of  N.  W,  i  section  3.  T.  64  N.,  R.  7  W.,  where  the  feld- 
spars are  of  a  reddish  color.  Plate  I,  Fig.  2,  shows  the  ap- 
pearance of  a  pronounced  phase  of  the  granite  porphyry. 
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What  is  termed  the  homblendic  facies  of  the  granite  is  found 
only  in  a  narrow  strip  along  the  south  shore  of  Eekeqnabic 
lake  in  section  31,  T.  65  N.,  B.  6  W.  It  has  a  fine  grained  gray 
gronndmass  whose  constituent  minerals  are  not  readily  dis- 
tinguishable. In  this  are  usually  scattered  small  whitish  sub- 
porphyritic  feldspars  and  less  evident  black  prisms  of  horn- 
blende. This  rock  is  difierent  from  the  main  mass  of  the 
granite  in  several  respects,  and  the  writer  does  not  feel  entirely 
satisfied  that  it  is  part  of  the  granite,  but  it  seems  to  t>e  such 
and  is  placed  here  as  a  hornblende  facies  of  the  granite. 

As  already  mentioned  (pp.  40-41)  the  normal  granite  is  seen 
cutting  a  dark  gray  to  greenish  rock  on  the  small  island  in  the 
N.  W.  i,of  N.  W.  i  section  2,  T.  64  N.,  R.  7  W.  This  rock  has 
a  dull  greenish  groundmass  in  which  are  imbebbed  noticeable 
flakes  of  biotite  and  less  evident  augite  prisms.  Even  in  hand 
specimens  there  are  seen  to  be  certain  areas  of  the  groundmass, 
each  of  which  reflects  the  light  and  in  which  are  biotite  and 
augite  individuals.  The  rock  is  consequently  called  the  poi- 
kilitic*  facies  of  the  granite,  but  it  is  possible  that  this  is  not 
part  of  t^e  granite  mass.  It  is  known  only  from  the  north- 
west side  of  this  small  island. 

A  noticeable  feature  of  the  granite  in  all  its  facies  is  the 
occurrence  of  small  rounded,  subangular  and  angular  areas, 
which  are  sharply  marked  off  from  the  rest  of  the  rock.  They 
vary  from  half  an  inch  to  two  inches  in  diameter,  rarely  being 
larger.  They  are  composed  usually  of  aggregations  of  rather 
coarsely  crystallized  hornblende,  or  augite.  Frequently,  how- 
ever, these  dark  areas  are  fragments  similar  to  the  country 
rocks — argillyte  and  green  schist.  These  more  or  less  rounded 
form  are  very  abundant  in  certain  parts  of  the  hornblende 
granite.  In  fact  in  one  exposure  it  is  almost  impossible  to  find 
any  surface  a  foot  square  which  does  not  contain  one  or  more 
of  them,  and  some  areas  of  this  size  include  as  many  as 
twenty.f  In  the  granite  proper  and  the  porphyritic  facies 
these  rounded  forms' are  not  so  abundant,  still  they  are  seen 
rather  frequently.  In  the  former  reports  on  this  granite  these 
forms  have  been  regarded  as  the  remains  of  pebbles  in  a  con- 
glomerate, which  was  considered  to  be  the  original  character 
of  the  rock  now  a  granite.]:  It  also  seems  very  possible  to  refer 
some  of  these  forms  to  basic  secretions,  which  are  common  to 

•Bee   Q.    H.   Wlllluns.    On   the  use   ot  the  (ermB  polkllltlo  and  DolcropDlklllUc  In 
petrogTKpby;  Journal  otOeologj,  vol.  1.  ao.  i,  pp.  ITS-ITV.  IfiKi. 
Weol.  and  Nat.  HUtotj  Survey  of  HIdd.,  30th  (IMl)  Aqd.  Rent.,  p.  19, 1803. 
tN.  H.  WlooheU.  IblJ..  ISth  [1886)  Ann.  Kept.,  pp.  302.  3W,  1887. 
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very  many  granites,  while  others,  on  account  of  their  petro 
graphical  character,  can  be  regarded  as  inclusions  of  frag- 
ments of  the  surrounding  rocks. 

Chemical, 


Two  analyses  have  been  made — one  of  the  normal  granite 
(I  in  the  table  of  analyses)  and  the  other  of  the  granite  por- 
phyry (II).  It  will  be  seen  that  the  two  facies  agree  quite 
closely  in  chemical  composition  and  that  in  each  the  propor- 
tion of  soda  is  much  larger  than  that  of  potash;  in  the  granite 
proper  the  ratio  of  soda  to  potash  is  1.8:1  and  in  the  granite 
porphyry  2.4:1.  Using  the  term  "soda-granite"  as  a  true 
granite  which  contains  a  larger  amouht  of  soda  than  potash, 
this  rock  would  belong  to  the  series  of  soda-granites.  These 
have  been  reported  from  several  localities  in  Europe,  but  as 
yet  have  been  rarely  found  in  America.  W.  S.  Bayley"  has 
described  a  granibe  Which  contains  large  amojints  of  anortho- 
clase  from  Pigeon  Point,  Minnesota,  on  the  north  shore  of 
Lake  Superior;  this  was  found  in  connection  with  a  quartz- 
keratophyre.  And  N.  H.  Winchell  has  recently  published  ( see 
VI  in  the  table  of  analyses)  an  analysis  of  a  red  granite  from 
Rice  Point,  Duluth,  in  which  the  proportion  of  soda  is  very 

ANALTBEB  OF  SODA-GRANITES. 


I. 

n. 

m. 

IV. 

V. 

VI. 

SiO, 

66.84 

67.42 

68.00 

70.69 

72.42 

75.78 

TIO, 

0.40 

A1,(S, 

tr. 

0.07 

0.20 

18.22 

15.88 

16.18 

15.20 

13.04 

11.09 

FeO 

2.27 

1.37 

3.68 

3.76 

0.68 

2.09 

0.20 

1.14 

0.65 

2.47 

MnO 

tr. 

0.09 

OaO 

3.31 

8.49 

4.05 

3.81 

0.66 

0.86 

M^> 

0.81 

1.48 

0.95 

0.45 

0.58 

0.65 

K,0 

2.80 

2.65 

2.04 

2. 31 

4.97 

1.06- 

Na,0 
H,6 

5.14 

6.42 

4.32 

4.69 

3.44 

6.43 

0.46 

0.06 

0.56 

1.21 

1.82 

Totals  100.05 

99.92 

100.49 

101.07 

100.87t 

-  99.78 

large; 

this  rock  is 

a  hornblende  granite  of  medium  grain. 

These 

two  soda- granites 

are  from  the  Keweenawan. 

A  soda-granite 

*A  qaartz-keralopbrre  (rounFlgeoD  Point  and  Inlng's  auglte  a/SDlles;  i 
Scl..  3,  Tol.  xxini,  pp.  Sl-flZ,  Jun.,  I88D. 
tlDcludlug  traces  of  L1(0  und  CI  aad  D.U  per  cent  of  BaO. 
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from  Westchester  county,  N.  Y.,  has  been  mentioned  by  J.  D. 
Dana*,  but  G.  H.  Williamsf  has  shown  that  this  is  properly  a 
mica  diorite. 

The  analyses  of  both  facies  of  the  granite  under  discussion 
and  of  several  other  soda-irranites  are  given  in  the  accompany- 
ing table.  I  is  the  normal  granite  from  Kekequabic  lake, 
Minnesota;  Xo.  551G  of  the  Minnesota  Survey  series.  II  is  the 
porphyritic  facies  of  the  same;  No.  86G.  Ill  is  a  soda-granite 
from  Donegal.  Ireland-J  IV  is  the  Aughrim  (Ireland)  aoda- 
granite.§  V  is  the  rock  from  Pigeon  Point,  Minnesota.!  VI 
is  the  red  granite  from  Itice  Point,  Duluth.*" 

In  comparison  with  the  last  four  analyses  given  in  the  above 
table  and  other  published  analyses  of  soda-granites,  ft  the  rock 
from  Kekequabic  lake  is  seen  to  be  lower  in  the^mount  of  silica 
and  usually  higher  in  soda  than  other  granites  of  this  series. 
The  large  proportion  of  soda  finds  expression  injthe  composi- 
tion of  the  augite,  2U  well  as  in  that  of  the  feldspar,  as  will  be 
seen  in  the  analyses  of  these  minerals. 

There  is  reason  to  think  that  soda-granites  will  be  found 
more  extensively  developed  in  the  Lake  Superior  region  than 
has  been  supposed  heretofore.  It  seems  that  somei.  of  the 
augite  syenites  from  the  Keweenawan,  as  alreiidy  suggested  by 
W.  S,  Bayleytt,  may  fall  into  this  class,  and  there  are  numerous 
dykes  in  the  Keewatin  of  northeastern  Minnesota,  described 
as  quartz  porphyries  and  syenite  porphyries§§,  a  careful'study  of 
which  will  probably  show  that  their  feldspar  is  largely  anortho- 
clase. 

■OeolDglcal  relaUoDS  ol  the  Umettoae  belts  of  .Westobestec.couiitr,  New  £orlc: 
Amer.  Jour.  Sol.,  S,  vol.  xx,  p.  UB,  Sept..  ItSO. 

nbe  gabbrOB  uid  diorltes  ot  the  "Oortlandt  aeries"  on  the  HulUon  river  aetir 
Peelcavtile.  N.  Y.;  Amer.  Jour.  Bol.,  3.  vol.  xikt,  pp.  413-Ul,  June,  1888. 

tS.  Haogliton.  E^tpeTlmeutal  resekrchea  on  the  granite  ot  Ireland.  Ft.  It.  On  the' 
Rranltea  and  BfeDltes  ot  Donegnl;  with  some  Temarka  on  those  of  Scotland  and 
Swodeo:  Quar.  Jour.  Qeol,  Soc.,  vol.  ii,  p.  »9. 

tW.J.  Sollas.  Oontrlbutlons  to  a  knowledge  □(  (he  graaltea  ol  L«lDBter;  Trans. 
Koyal  Irish  Aoad.,  vol.  iilx,  pt.  II,  p.  471,  isgi. 

IW.  S.  Bayley.    Op.  eH,.  p.  io. 

"N.  H.  Wlnohell.  Tho  Notian  o(  the  Northwest;  Oeol.  and  Nat,  Hist-  SuTveT  of 

MiuD..  Bull.  No.  e,  p.  iixiu.  lees. 

^A.  Gerhard.   Neuee  Jabrbach  t.  Hln..  Pet.  u.  Pal..  U8T,  II,  pp.  3Bl-m, 

U  Op.  ell. 

M  U.  a.  Qraat.  Oeol.  and  Xat.  Hist.  Survey  of  Ulnn.,  SDth  (1801)  Add.  Bept..  pp.  l^ 
4B,  4S,  SI,  ST,  SB,  1883. 

As  this  paper  Is  solog  to  press  two  analyses  of  acid  Uneous  roclrs  from  northeast- 
ern Ulanesota  bavebeencomplelAdby  Mr.  A.  I>.  Meeda,  Instructor  Id  OhemUtry  Id 
the  Colverslty  of  HInneaota.  Both  of  these  show  a  oooslderable  excess  of  soda  over 
potash.    Tbe  analyses  are  as  fallowa: 
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MineralogiccU. 

The  minerals  of  granite  have  been  described  so  frequently 
and  BO  exhauBtively  that  it  is  not  necessary  nor  advisable  to  at- 
tempt any  complete  description  of  all  the  minerals  composing 
this  granite.  Consequently  only  one  of  them, — the  augite, — 
will  be  spoken  of  in  any  detail,  but  an  analysis  and  specific 
gravity  determinations  of  the  feldspar  are  given.  The  miner- 
als comprising  the  rock  can  be  divided  into  two  classes,  essen- 
tial and  secondary.  In  •  the  order  of  their  importance  and 
abundance  they  are: 

{Feldspar  flargely  anor- 
thoclase. )  -  ( Biotite. 

Augite.  Accessory  ■?  Apatite. 

Quartz.  ( Sphene. 

Homblendb. 
As  to  the  time  of  crystallization  they  are  as  follows:  (1) 
Sphene  and  apatite.  These  are  not  found  in  contact  so  that 
nothing  can  be  said  as  to  their  relative  ages;  they  are  both 
older  than  the  other  minerals.  (2)  Biotite,  hornblende  and 
augite.  The  relative  ages  of  these  are  not  clearly  shown,  but 
the  biotite.  Seems  to  be  the  oldest.  (3)  Feldspar.  The  only 
case  where  this  is  of  as  late  a  crystallization  as  the  quartz  is  in 
the  groundmasB  of  the  granite  porphyry.  (4)  Quartz.  Later 
than  all  the  others,  excepting  the  feldspar  in  the  case  just 
mentioned. 

Feldapar. — The  feldspar  is  much  more  abundant  than  any  of 
the  other  minerfkls;  it  makes  np  half  and  sometimes  at  least 
three  fourths  of  the  rock  mass;  in  the  more  basic  (syenitic) 
■  parte  of  the  granite  it  reaches  its  fullest  development  as  re- 
gards amount. 

Orthoclase  is  seen  frequently  in  the  normal  granite  and  is 
very  abundant  in  the  homblendic  facies,  but  it  never  forms 
phenocrysts.     Over  two  thirds  of  the  feldspar  is  triclinic;  it 

StOi     A.l|Oi       FeiOi       FeO      CaO     UgO      KiO      Ma,0   H,0    Totals. 
L  tBM         IB.'iS  O.U        D.TB        2. SB         O.iS         1.68  5.01       O.Tl         99.99 

n.  SD.H         IT. IS  iM  3.43         I.IB         O.Tl  4.33       1.17        W.BT 

I  to  K  auartz  porphyrr  (No.  UTO;  SOth  Ana.  Bept.,  p.  BT)  (rom  a  dyke  In  the 
"greenstone"  of  the  Kawlahlwl  river,  N.  H  N.  G.  M  see.  21.  T.  83-10  W.  This  rock  ba3 
IL  mlatogrBnltio  grouodmass  In  uhlob  are  large  pbenocrysts  at  feldspar  and  quaiti; 
a  tew  small  areas  filled  with  chlorite  and  epldote  ure  present,  but  what  the  original 
terro-magnealanoouBtltuentwaa  la  not  olear. 

II  IBS  characterlatlo  specimen  at  the  Sttgnnasa  granite  (Jio.tW  O;  Kith  Ann. 
Bept.,  p.  esj  from  Saganaga  lake.  3.  W.  US.  E.  !i  see,  Z^  T.  W-t  W.  This  rook  Is  a 
coarse  grained  hornblende  granite. 
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shows  the  usual  polysyuthetic  twioning  accordiDg  to  the  albite 
law,  and  in  some  cases  the  microcline  structure  is  developed  to 
a  small  extent.  Zonal  structure  in  the  plagioclase  is  quite  com- 
mon, especially  in  the  porphyritic  crystals.  The  feldspar  is 
always  more  or  less  cloudy  due  to  incipient  alteration,  but  the 
resulting  minerals  are  not  usually  discernible,  the  cloudiness 
being  due  to  amorphous  opaque  white  areas;  In  the  orthoclase 
alteration  to  sericite  is  common. 

On  separating  the  powder  of  a  fresh  specimen  of  the  in>rmal 
granite  (No.  551  G- )  by  means  of  Tboulet's  solution  the  larger 
proportion  of  the  feldspar  fell  between  a  specific  gravity  of 
2.58  And  2.63,  which  would  indicate  that  the  mineral  was  a  mix- 
ture of  theorthoclase  and  albite  molecules;  and  the  analysis, 
as  here  g^ven,  shows  that  it  belongs  to  the  anorthoclase  series. 

ANALTSie  OF  PGLD8PAB. 


SiO. 

Al.O, 

Fe.O. 

CaO 

MgO 

K.O 

Na.O 

H.O 

67.99 

19.27 

0.82 

0.75 

0.02 

3.05 

6.23 

0.90 

It  is  to  be  noticed  that  the  silica  percentage  is  larger  than  is 
required  by  the  amount  of  soda,  potash  and  lime  present.  This 
is  probably  due  to  the  fact  that  a  small  amoujit  of  quartz  was 
so  intimately  intergrown  with  the  feldspar  that  certain  grains 
of  the  feldspar  powder  contained  some  quartz.  From  the  anal- 
ysis it  is  calculated  that  this  feldspar  is  an  avorthoclase  with  ap- 
proximately the  composition  Or^  Abu  -^i- 

The  specific  gravity  of  several  of  the  feldspar  phenocrysts 
of  the  granite  porphyry  was  determined;  it  ranges  from  2.69 
to  2.60.  This,  together  with  the  analysis  of  the  whole  rock 
(11  in  the  table  of  soda  granite  analyses),  Is  suflftoient  proof 
that  these  phenocrysts,  which  malie  up  about  half  the  rock 
mass,  are  also  anort/ioclase. 

Augite. — The  augite  is  the  most  interesting  mineral  in  the 
rock,  as  granites  in  which  this  is  the  chief  ferro-magnesian 
constituent  are  comparatively  rare.  Augite  makes  up  from 
five  to  twenty  per  cent  of  the  whole  rock  and  in  the  majority  of 
sections  is,  besides  the  feldspar  and  quartz,  about  the  only 
mineral  present.  It  reaches  its  best  development  and  is  found 
in  the  least  altered  condition  in  the  granite  porphyry;  accor- 
dingly the  description  of  this  mineral  wiU  be  confined  mostly 
to  that  occurring  in  this  porphyry  on  the  promontory  at  the 
southwest  corner  of  section  29,  T.  65  N.,  R6  W.,  where  this 
facies  of  the  granite  is  seen  in  its  best  and  most  characteristic 
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deTelopment.  (Nos.  666  and  1094  of  the  Mitmesota  Surrey 
series. ) 

The  augite  occurs  in  short  stout  prisms,  whose  length  is  half 
a  millimeter  or  less;  rarely  larger  .crystals,  one  to  three  milli- 
meters in  lenf^th  are  seen.  The  crystals  are  generally  com- 
pletely idiomorphic,  but  occasionally  the  terminal  planes  are 
lacking,  or  are  very  poorly  developed.  The  prismatic  planes 
are  the  unit  prism,  the  orthopinacoid  and  the  clinopinacoid. 
The  terminal  faces,  which  are  usually  present,  are  the  basal 
plane  and  the  orthodone  P  c»  while  the  unit  pyramid  and  a  clin- 
odome  can  sometimes  be  recognized,  but  usually  there  is  a  ten- 
dency to  a  rounding  off  of  the  edges  basal  plane  and  the  ortho- 
dome  P».  The  cleavage  is  well  developed  in  thin  sections 
and  parting  is  usually  not  seen,  but  in  one  case  (see  Pig.  4)  it 
is  quite  noticeable.  An  attempt  was  made  to  measure  the  an- 
gles on  some  of  the  larger  augite  crystals  detached  from  the 
rock,  but  the  faces  gave  such  imperfect  reflfections  that  no  sat- 
isfactory results  were  obtained. 

In  transmitted  light  the  augite  is  of  a  bottle  green  color,  but 
there  are  parte  of  some  crystals  which  are  colorless  and  entire 
colorless  individuals  are  sometimes  seen.  A  slight  pleocbroism 
is  to  be  noticed  in  many  sections,  a  and  tv  being  bottle  green 
and  not  distingnishable  from  each  other,  while  c  is  a  yellowish 
green.    The  absorption  is  a— •(>>£■ 

Zonal  structure  is  rather  common;  in  such  cases  the  core  of 
the  crystal  is  usually  colorless,  or  of  a  lighter  green  than  the 
outer  rim.  The  colorless  centres  occasionally  pass  gradufdly 
into  the  colored  rims,  but  generally  the  two  are  separated  by  a 
pretty  dlstinot  line.  The  outlines  of  these  colorless  cores  are 
irregular  and  are  seldom  parallel  to  any  crystallographic 
planes.  The  cleavage  lines  run  uninterruptedly  from  one  part 
of  the  crystal  to  another,  and  in  sections  cut  parallel  to  the 
zone  of  the  ortho-axis  the  extinction  direction  of  both  parts  of 
the  crystal  are  parallel,  but  in  sections  which  are  inclined  to 
the  ortho-axis,  the  extinction  directions  are  difFeredt  in  the  two 
parts  of  the  crystal.  Moreover,  in  one  section,  cut  parallel  to 
the  clinopinacoid,  parting  parallel  to  the  basal  plane  is  seen, 
and  this  runs  straight  through  the  colored  rim  and  the  colorless 
core.  Prom  these  facts  it  is  seen  that  the  two  parts  of  the  crys- 
tal have  the  same  crystallographic  axes,  i.  e.  are  parallel 
growths,  but  that  the  axes  of  optical  elasticity,  excepting  the 
one  coincident  in  direction  with  the  ortho-axis,  do  not  have  the 
same  directions  in  the  two  parts  of  the  crystal. 
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The  green  crystals  and  rims  have  a  lower  index  of  refrac- 
tion, lower  double  refraction  and  a  smaller  extinction  angle 
than  the  colorless  augite,  (the  extinctioii  angle  measnred  being 
that  between  a  and  c  in  acnt^  angle  b).  The  dark  green  crys- 
tals are  more  pleochroic  than  the  lighter  ones,  and  the  color- 
less ones  show  no  pleochroism.  These  facts  indicate  that  the 
green  crystals  and  rims  contain  more  of  the  acmite  molecule 
than  the  colorless  parts.  (That  the  augite  contains  a  consid- 
erable amount  of  the  acmite  molecule  is  shown  by  the  analysis 
given  below, ) 

The  extinction  angle  of  the  colorless  augite  in  sections  par- 
allel to  the  clinopinaooid  runs  as  low  as  37°.  although  usually 
higher  than  this;  this  is  an  angle  of  58°  as  the  extinction  of 
augite  is  usually  measured,  i.  e.  c  to  c  in  obtuse  angle  b.      In 


Fig.  t.  DlagraiQ  abowlng  the  Klailve 
Ijosltlona  of  the  cryBtallograpblc  aud 
optto&l  axes  In  the  greeo  aod  colorless 

the  green  crystals  and  rims  <t  is  inclined  about  22°  to  c,  but  in 
one  section  it  is  as  low  as  18".  The  positions  of  the  axes  of 
elasticity  with  reference  to  the  crystallographic  axes  are  shown 
in  the  accompanying  ligure;  the  azes  of  elasticity  of  the  color- 
less variety  being  represented  by  the  lighter  dotted  lines. 
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While  in  the  zonal  crystals  there  are  usnally  only  two  parte, 
which' are  of  different  optical  orientation,  in  a  few  there  are 
more  than  two  such  areas.  To  illustrate  parallel  growths  of 
this  kind  the  following  figure  (4)  is  introduced.     It  shows  part 


of  a  large  crystal  of  augite  cut  parallel  to  the  clinopinacoid. 
The  extinction  and  outlines  of  the  different  parts  are  repre- 
sented rather  diagrammatically,  as  the  different  zones  are  not 
always  separated  by  a  sharp  line.  The  lines  a  a  represent  the 
parting  parallel  to  the  basal  plane-  The  extinction  angles 
given  are  those  of  a  against  c.  The  large  central  part  of  the 
crystal  is  colorless  and  the  rest  is  greenish;  the  small  irregular 
.  area  with  an  extinccion  of  18°  is  yellowish  green  and  distinctly 
pleochroic. 

A  typical  fresh  specimen  of  the  porphyritic  granite  was 
powdered  a>nd  the  augite  separated  and  analyzed.  This  augite 
is  fresh  and  unaltered  and  the  powder  used  ( which  has  a  higher 
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specific  gravity  than  8)  is  quite  pure,  as  in  this  specimen  of  the 
granite  the  only  other  minerals  present  were  feldspar  and 
quartz  with  a  few  minute  fibers  of  secondary  hornblende.  The 
analysis  is  here  given.  Assuming  that  this  represents  an  iso- 
morphous  mixture  of  the  diopslde,  heddenbergite,  aAnite  and 

ANALYSIS  OF  AUGITE. 
SIO,    Al.O,    Fe.O,    FeO    CaO    MgO'   K.O    Na.O    H.O     Total. 
63.19       2.38        9.25       6.15    17.81      9.43      0.38       2.63      0.01       100.23 

f  assalte  molecules  and  calculating  their  relative  proportions  we 

get  app)x>zimately  the  following  result: 

Diopslde,  Mb  Ca  Si,0, 47  per  ceut. 

Heddenbergite,  CaFeSI.O, 27    "      " 

Acmfte,  SaFeSi.O,. 21     "      " 

Fassalte,  M(E  Al,  SIO 5    "     " 

In  the  considerable  percentage  of  the  acomite  molecule  this  au- 
gite  approaches  in  composition  the  pyroxene  of  the  more  alka- 
line rocks,  the  eleolite  syenites.*  This  analysis  very  probably 
represents  quite  well  the  usual  composition  of  the  green  augite, 
as  the  proportion  of  zonal  crystals,  with  colorless  centres,  and 
entire  colorless  crystals  is  small.  The  colorless  augite  is  very 
similar  to  that  of  the  well  known  augite  granite  from  Laveline 
in  the  Voges. 

^arte.— This  mineral  does  not  play  as  important  a  part  in 
the  rock  under  consideration  as  it  does  in  most  granites.  It 
rarely  forms  more  than  a  fourth  of  the  rock  mass,  and,  while 
usually  more  abundant  than  the  augite  in  the  normal  granite,  it 
is  not  always  so.  Quartzoccurs  in  small  irregular  areas  in  the 
granitic  facies  of  the  rock,  and  often  shows  undulatory  extinc- 
tion and  sometimes  has  been  slightly  fissured.  It  is  never 
found  in  pheoocrysts  in  either  facies  of  the  granite,  and  in  the 
granite  porphyry  is  only  in  minute  grains  in  the  groundmass. 

Eomblende. — Original  hornblende  is  found  only  in  the  horn- 
blendic  facies  of  the  granite  and  in  one  exposure  of  the  granite 
porphyry.  Here  there  are  some  cross  sections  which  show  the 
characteristic  planes  of  a  hornblende  cross  section,  but  in  some 
cases  it  seems  to  be  secondary.  The  hornblende  is  of  the 
usual  green  variety. 

■Ot.  A.  Herlftn.  Btudlen  ua  gesMliublldeDdfla  Prroxeuea;  Neuee  Jabrbuch  t. 
HID.,  Pel.  a.  Pal.,  B.B.  III.  pp.  »S-aiB,  1685. 
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Secondary  hombleode  is  of  quite  universal  occurrence  in  all 
focies  of  the  granite.  It  has  usually  developed  in  small  green 
fibers,  which  penetrate  the  rock  in  all  directions,  and  is  fre- 
quently seen  in  fibrous  growths  around  the  ends  of  the  augites 
and  sometimes  replaces  whole  crystals  of  this  mineral  with  a 
fibrous  aggregate.  Where  the  rock  has  been  much  altered  the 
hornblende  often  occurs  in  delicate  sheaths  of  fibers  much  re- 
sembling  those  figured  by  G.  H.  WilliamB*  in  certain  tdtered 


Accessory  minerals. — Spheae  and  apatite  occur  in  small 
amounts  in  the  normal  granite  and  in  the  granite  porphyry; 
the  apatite  is  in  short  stout  prisms  rather  than  in  elongated 
ones.  Biotite  occurs  in  some  sections  of  the  granite  porphyry 
and  in  a  few  cases  is  quite  abundant;  It  is  in  small  fiakes  usually 
surrounded  by  magnetite  gruns.  Biotite  is  very  common  in 
the  poikilititic  facies  of  the  granite. 


Structural. 

The  different  facies  of  the  granite  already  spoken  of, — the 
normal  granitic  the  porphyritic,  the  homblecdic  andthepoikil- 
itic, — are  characterized  by  structural  differences. 

The  normal  granite  is  usually  of  a  truly  grahitic  texture,  but 
in  some  cases  there  are  two  generations  of  feldspars,  the  first 
being  mostly  idiomorphic,  although  not  generally  ve)?  sharply 
separated  from  the  second  generation  as  regards  size.  Occa- 
sionally there  is  a  slight  tendency  for  the  fieldspars,  when  in 
only  one  generation,  to  assume  a  partially  idiomorphic  form. 

The  porphyritic  facies  has  already  been  mentioned  as  char- 
acterized by  numerous  large  and  small  phenocrysts  of  feldspar 
and  smaller  ones  of  augite.  The  groundmass  as  a  role  makes 
up  much  less  than  half  of  the  rock  and  is  composed  of  a  micro- 
granitic  aggregate  of  quartz  and  feldspar.  The  latter  mineral 
is  not  usually  polysyntheticEilly  twinned  and  thus  would  seem 
to  be  orthodase. 

The  homblendic  facies  is  characterized  not  only  by  the  pres- 
ence of  original  hornblende,  but  also  by  the  almost  universal 
tendency  of  the  feldspars  to  assumean  idiomprphic  development- 
This  latter  character  is  perhaps  more  striking  than  the  presence 
of  hornblende. 

■O.  8.  0«ol.  Burver,  Bull.  No.  6*.  pi.  XVI,  flg.  1,  M«0. 
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The  poikilitlc  facies  of  the  irranite  is  strictly  an  auglte-biotite 
syenite,  as  no  quartz  is  present.  The  rock  is  composed  of  large, 
irregular,  interlocking  areas  of  feldspar,  in  which  are  imbedded 
numerous  biotite  scales  and  colorless  to  greenish  augite  prisms, 
thus  forming  a  very  beautiful  example  of  the  poildlitic  struc- 
ture. In  this  case  it  is  noticeable  that  the  grains  and  crystals 
of  varying  optical  orientation  included  in  an  optically  contin- 
nous  area  of  feldspar  are  of  two  species  instead  of  one,  as  is 
usually  the  case  in  rocka  which  show  the  poildlitic  structure. 
The  feldspar  areas  are  often  a  quarter  of  a  inch  across  and  can 
be  distinctly  seen  in  hand  specimens.  A  more  careful  and  de- 
tailed study  of  this  peculiar  rock  would  probably  bring  out 
facts  of  interest. 


THE  ORIGIN   OF  THE  GRANITE. 

In  the  reports  on  the  geology  of  the  region  about  Kekequabic 
lake  the  granite  has  been  regarded  as  of  metamorphic  origin. 
This  has  been  maintained  by  N.  H.  and  A.  Winchell,  and  from 
their  reports  it  would  seem  that  their  ideas  are  as  follows:  The 
granite  is  a  result  of  the  recrystallization  in  situ,  under  condi- 
tions of  partial  or  complete  aqueo  igneous  fusion,  of  the  sedi- 
mentaries  of  the  region, — the  graywackes  and  conglomerates. 
The  more  or  less  rounded  foreign  pieces  in  the  granite  are  the 
original  pebbles  of  the  conglomerate.  The  granite  was  in  some 
plf><%s  plastic  enough  to  allow  it  to  be  intruded  into  the  sur- 
rounding rocks,  but  this*  intrusion  was  only  very  local  and 
limited  in  extent,  and  the  intrusive  rock  was  not  moved  far 
from  its  original  place.  The  main  mass  of  the  rock  has  not 
been  moved  at  all,  but  is  simply  portions  of  the  graywackes 
and  conglomerates  altered  in  situ.  There  are  gradations  from 
the  granite  to  these  clearly  clastic  sediments  and  the  granite  is 
not  sharply  marked  off  from  the  surrounding  rocks,  except  in 
the  few  places  where  it  has  been  intruded  into  them. 

The  facts,  which  are  urged  as  sustaining  the  above  idea  as  to 
the  origin  of  the  granite,  seem  to  be  four  in  number,  as  follows: 
(1)  Presence  of  ancient  but  partially  obliterated  lines  of  sedi- 
mentation in  the  granite.  (2)  Presence  of  pebble  forms  in  the 
granite.  (3)  Transitions  from  the  granite  to  the  clastic  rocks. 
(4)  Presence,  in  the  immediate  vicinity,  of  altered  clastic  rocks 
resembling  the  granite. 
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In  regard  to  the  presence  of  old  lines  of  sedimentation  in  the 
granite,  or  anything  to  suggest  such  lines,  the  writer  can  only 
say  that  he  has  been  unable  to  see  any  such,  although  he  has 
carefully  searched  for  them.  In  fact  he  has  seen  no  structures 
in  the  granite  which  could  be  referred  in  any  way  to  old  lines 
of  sedimentation. 

That  there  are  numerous  rounded,  sub-angular  and 
angular  pebble-like  forms  in  the  granite  has  already  been 
stated.  These  are  more  abundant  near  the  edge  of  the  granite 
mass  and  in  the  small  bosses  of  granite  porphyry;  this  is  a 
significant  fact  and  agrees  well  with  the  explanation  that  many 
of  these  foreign  pieces  are  inclusions  of  the  country  rock.  In 
tact  there  is  just  as  much  reason,  (to  the  writer  there  seems 
more,)  for  assuming  that  these  pebble-like  form  are  basic 
secretions  in  the  granite,  or  are  inclusions  of  the  country  rock, 
as  there  is  for  assuming  them  to  be  the  remains  of  pebbles  in 
an  altered  conglomerate. 

Two  apparent  transitions  from  the  granite  to  a  seemingly 
sedimentary  rock  have  already  been  mentioned  (page  37).  In 
the  field  these  transitions  could  be  traced  quite  well,  but  ihe 
rock  into  which  the  granite  graded,  while  resembling  the  sedi- 
ments of  the  region,  still  could  not  be  proved  to  be  a  clastic 
rock.  A  microscopical  exanMnaition  of  thin  sections  of  a  series 
of  specimens  taken  to  illustrate  these  transitions  shows  that 
the  apparent  sedimentary  end  of  the  series  and  also  all  parts 
of  it  reveal  no  evidence  of  an  original  clastic  nature,  in  fact 
their  characters  are  those  of  fine  grained  portions  of  the  granite. 
The  conglomerate  and  graywacke,  into  which  the  granite  has 
been  supposed  to  grade,  show  in  thin  section  undoubted  clastic 
characters,  and  in  2ill  the  sections  examined  there  is  no  occa- 
sion to  confuse  these  rocks  with  the  granite. 

A  mile  to  the  east  of  Kekequabic  lake  ai'e  found  small  areas 
of  altered  elastics,  which,  in  some  characters,  resemble  the 
granite.  Here  the  remains  of  sedimentary  planes  are  visible, 
and  the  rock  in  hand  specimens  and  in  sections  is  seen  to  be 
somewhat  similar  to  the  granite,  especially  as  regards  degree 
of  crystallization.  Rock  like  this  is,  however,  not  found  in  a 
position  intermediate  between  the  elastics,  from  which  it  is 
derived,  and  the  granite,  as  would  be  expected  to  be  the  ease 
And  it  is  well  known  that  beds  of  certain  altered  elastics 
(gneisses)  often  closely  resemble  in  hand  specimens  and  in 
sections  the  granites  which  cut  them,  but  this  resemblance  is 
no  proof  that  the  two  rocks  are  of  Hke  origin  and  are  parts  of 
the  same  mass. 
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From  the  above  it  will  be  seen  that  the  arguments  for  the 
derivatioD  of  the  granite  from  the  elastics  of  the  region  are,  to 
say  the  least,  rather  unsatisfactory.  Indeed  the  facts  seem  ae 
susceptible  of  explanation  on  the  idea  that  the  granite  is 
eruptive  as  that  it  is  a  part  of  the  altered  elastics.  Moreover, 
there  are  other  facts  which  point  very  strongly  toward  the 
eruptive  origin  of  the  granite. 

Contacts  have  been  described  (page  37)  which  show  that,  at 
least  at  these  localities,  the  granite  plays  an  eruptive  role. 
Here  the  granite  has  come  into  it6  present  position  in  relation 
to  the  country  rocks  since  their  deposition,  and  it  penetrates 
them  in  irregular  dykes,  and  in  one  place  includes  undoubted 
fragments  of  the  rock  with  which  it  comes  in  contact.  Where 
contacts  of  the  granite  with  the  surrounding  rocks  occur  the 
latter  have  been  somewhat  altered,  although  not  very  greatly, 
and  a  mass  of  the  argillite  enclosed  in  the  granite  is  rendered 
gneissoid  near  its  edges.  Contact  metamorpbism  is,  however, 
not  very  marked.  At  these  contacts  the  grain  of  the  granite  is 
finer  than  at  a  short  distance  from  the  contract  line. 

That  the  ffranite  is  of  a  different  character  from  the  sur- 
rounding rocks  is  well  shown  by  the  ease  with  which  it  is 
separated  from  them.  In  no  place  has  a  gradation  from  any 
of  the  sedimentary  rocks  to  the  granite  been  established.  In 
the  field  it  has  been  possible  to  map  the  limits  of  the  granite 
much  more  accurately  and  easily  than  any  of  the  sedimentary 
rocks,  the  accuracy  of  the  outlines  of  the  granite  depending 
only  on  the  number  of  exposures  to  be  found.  No  rocks  inter- 
mediate in  position  or  character  between  the  granite  and  the 
elastics  have  been  observed  in  the  area  mapped.  The  sharp- 
ness with  which  the  granite  is  everywhere  separated  from  the 
surrounding  rocks  is  best  seen  where -the  porphyritic  facies 
comes  in  contact  with  or  is  seen  near  the  dark  argillytes.  This 
fact  that  the  granite  is  everywhere  so  sharply  and  so  distinctly 
separated  from  the  surrounding  elastics  is  a  very  weighty 
proof  that  it  is  not  a  part  of  these  elastics. 

It  is  easy  to  imagine  sediments  buried  so  deeply  and  under 
such  conditions  of  pressure  and  temperature  in  the  presence  of 
water  that  they  would  be  converted  into  completely  crystalline 
{Aggregates.  We  have  many  such  instances,  and  it  is  undoubt- 
edly true  that  many  gneisses  were  formed  in  this  way,  but  here 
it  is  to  be  noticed  that  a  degree  of  crystallization,  as  complete 
as  in  granites,  is  often  attained  without  the  obliteration  of  cer- 
tain structural  planes  in  the  rock, — i.  e.  there  are  rapid  alter- 
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nations  of  bands  of  different  chemical  and  mineralogical  com- 
position which  are  very  distinctly  sepcurated  from  eitch  other. 
Here  there  seems  to  have  been  practically  no  interchange  be- 
tween different  parts  of  the  mass.  But  if  we  assume  that  the 
granite  under  consid^ation,  in  which  there  are  no  alternation 
of  bands  of  different  composition,  is  of  like  origin,  it  seems 
necessary  to  assume  that  the  fusion  (if  this  word  may  be  used) 
was  so  complete  that  the  mass  took  on  a  miiform  composition 
throughout,  for  it  is  hardly  conceivable  that  a  mass  of  sedi- 
ments which  shows  a  section  three  and  a  half  miles  long  by  two 
wide  should  be  of  a  uniform  composition  throughout  and  that 
this  mass  should  be  sharply  separated,  both  along  and  across 
the  strike,  from  sediments  which  do  show  this  variation  in  com- 
position. Moreover  it  seems  impossible  that  a  mass  which  has 
been  so  complete  altered  in  aitu  should  be  so  sharply  separ- 
ated from  the  rocks  from  which  it  is  supposed  to  have  been 
formed  and  which  still  show  their  orlgii^  claistic  characters. 
Again,  it  seems  impossible  that  the  pebbles  in  a  mass,  which 
has  been  so  profoundly  altered  and  in  which  there  has  been  so 
complete  an  interchange  between  its  different  parts,  should 
not  have  been  entirely  obliterated,  instead  of  still  retain- 
ing their  own  individuality.'  (It  is  to  be  noticed  that  the  pres- 
ence of  so-called  pebble  forms  is  the  chief  point  urged  tor 
considering  the  granite  as  altered  sediments.)  When  fusion 
has  gone  so  far  as  to  allow  a  complete  interchange  of  material 
between  the  various  parts  of  the  rock  and  an  entire  oblitera- 
tionof  all  differences  in  composition  between  its  various  parts, 
and  when  such  a  rock  is  allowed  to  cool  and  crystallize  as  a 
holocrystalline  mass,  it  is  but  a  simple  disagreement  in  terms 
that  cause  such  a  mass  to  be  called  anything  but  a  truly  igno' 
ous  rock;  and  if  such  a  mass  is  moved  from  its  original  po- 
sition and  forced  into  other  rock  it  is  truly  eruptive  in  its  na- 
ture and  origin. 

It  is  not  necessary  here  to  consider  the  question  concerning 
the  origin  of  granites  in  general;  that  question  is  almost  as  old 
as  geology  itself;  it  dates  from  the  times  of  Werner  and  Hut- 
ton,  and  the  writer  can  not  presume  to  discuss  it  Nor  is  it 
necessary  to  say  anything  for  or  against  the  idea  that  some  of 
the  pre-Cambrian  granites  and  granitoid  gneisses  may  repre- 
sent fused  portions  of  ancient  and  very  deeply  buried  rocks. 
But  it  can  be  stated  that  there  seems  to  be  abundant  evidence 
that  the  Kekequabic  granite  shows  no  indication  that  it  is  an 
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altered  sediment,  that  it  is  not  part  of  the  elastics  of  the  re^on 
altered  in  situ,  but  that  it  is  truly  eruptive  in  its  ori^  and 
nature,  that  it  has  broken  through  the  surroimding  rocks  in  a 
truly  eruptive  manner,  and  that  throughout  its  whole  extent 
now  exposed  to  us  it  is  sharply  separated  from  the  surround- 
ing elastics  and  is  of  later  date  than  these. 

It  might  be  well  to  state  that  when  the  writer  began  the 
study  of  this  granite  area  and  two  others  in  northeastern  Min- 
nesota he  was  inclined  to  the  view  that  these  granites  were  the 
altered  elastics  of  the  region,  but  even  before  the  field  work 
was  completed  and  before  the  microscopic  study  of  the  rocks 
was  begun,  he  was  forced  to  abandon  this  idea. 
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CHAPTER  IV. 


THE  HORNBLENDE  PORPHYRYTE. 

The  field  relations  of  this  rock  have  as  yet  been  only  partially 
studied,  and  the  extent  of  the  surface  occupied  by  it  h^s  not 
been  very  accurately  defined.  For  these  reasons  no  complete 
discussion  of  this  rock  is  now  possible,  and  the  time  available 
in  the  preparation  of  this  paper  does  not  allow  of  a  very  detailed 
petrographical  description,  although  quite  a  complete  set  of 
specimens  showing  the  different  phases  of  the  rock  haVe  been 
collected. 

The  porphyryte  is  known  from  only  one-locality  in  the  area 
sludied,  and  is  confined  to  a  belt  of  not  more  than  a  quarter  of 
a  mile  in  width  which  curves  around  the  southwestern  end  of 
EpsUon  lake.  The  surface  covered  by  this  rock  is  about  one- 
fourth  of  a  square  mile  in  extent;  it  ia  confined,  with  the  excep- 
tion of  a  few  acres  in  the  S.  W.  i  of  S.  B.  i  section  20,  to  the 
N.  i  section  29,  T.  65  N.,  R.  6  W.  However  a  sample  of  this 
rock  is  noted  by  N.  H.  Winchell  f  rom  Mallmann's  peak*,  which 
is  on  the  north  side  of  Kekequabic  lake  in  the  S.  B.  i  of  section 
30,  T.  65  N.,  R.  6  W.  The  writer  has  been  unable  to  find  any 
porphyryte  in  situ  at  this  place,  and  has  since  learned  that 
Prof.  Winchell  did  not  visit  Mallmann's  peak  personally,  but 
that  the  specimen  was  brought  to  him  by  one  of  his  guides.  It 
is,  however,  quite  possible  that  other  areas  of  porphyryite  will 
be  found  in  sections  29  and  30,  T.  65  N..  R.  6  W.,  between 
Kekequabic  and  Knife  lakes.  The  single  specimen  noted  by 
Prof.  Winchell  has  been  figured  and  described  microscopically 
by  M.  B.  Wadsworthf. 

The  porphyryte  has  also  been  briefiy  described  by  A.  Winch- 
ell,! who  called  it  a  purple  porphyry,  in  his  account  of  the 
geology  of  Epsilon  lake. 

•G«ol.  and  Nut.  Hist.;  Sacv.  of  HIqd  ,  lOth  (ISBU  Ann.  Rept.,  pp.  93-03.  t»9t.  Rock 
No.  TGI. 


'•Ibid.,  Bull.  No.  S.  pp.  l»-m.  pi.  X.  aga.  1  and  2, 1867. 
TCbld.,  Iflth  (ISST)  Ana.  Kept.,  pp.  SBI-SZI.  '.SSS. 
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Dr.  WadBWOTth's  description  is  as  follows:  "The  section  has 
a  greenish  gray  groundmass,  holding  yellowish  brown  crystals 
of  hornblende,  epidote  and  greenish  pseu^omorphs  of  chlorite. 
The  hornblende  is  of  tiie  usual  foreign  character  in  the  ande- 
sitic  rocks,  having  been  attacked  by  the  molten  magma,  which 
has  torn  and  eaten  into  the  hornblende,  that  has  its  edges 
blackened  and  rendered  magnetic  by  the  heating  and  corroding 
effects.  Some  of  the  hornblendes  here  have  been  broken  and 
faulted,  and  blackened  on  the  broken  sides,  others  retun  only 
a  small  portion  of  hornblende  in  the  interior,  while  others  are 
reduced  to  a  heap  of  opacite  or  magnetite  grains.  The  chlorite 
pseudomorphs  are  composed  of  plates  and  scales  of  chlorite 
with  some  epidote,  but  whether  they  are  pseudomorphs  after 
hornblende  or  augite  the  writer  can  not  determine.  The  epi- 
dote is  in  small  crystals  and  crystal  aggregations  of  a  pale 
yellowish  color,  with  pteochroism  varying  from  colorless  to  a 
pale  yellow  and  to  a  deeper  yellow.  The  epidote  is  here  an 
alteration  product,  and  is  commonly  associated  with  the 
chlorite.  The  groundmass  is  altered  and  is  now  composed  of 
chlorite  scales,  partially  altered  augite  microlites  and  grannies, 
magnitite  grains  (disseminated  through  the  entire  ground- 
mass),  feldspar,  microlites,  fibrous  material,  etc.,  all  replacing 
the  usual  f  elty  base  of  the  andesytes  with  its  inclosed  materials. 
Here  the  augite,  feldspar  and  magnetite  are  original,  and  the 
rest  secondary.  *  •  •  The  rock  itself  is  an  altered  and  old 
andesyte  of  the  variety  known  as  porphyryte  or  homblende- 
porphyryte  amongst  lithologists.  This  andesyte,  in  its  orig- 
inal condition,  would  be  called  by  most  lithologists  a  horn- 
blende andesjrte."  * 

The  single  section,  which  was  accessible  to  Br.  Wadsworth 
when  his  description  was  written,  is  more  or  less  altered  and 
does  not  clearly  show  the  original  nature  of  the  groundmass. 
Other  sections  of  the  less  altered  rock  show  that  the  ground- 
mass  is  composed  of  interlocking  laths  of  feldspar, — sometimes 
the  feldspar  has  a  tendency  towards  a  granular  development. — 
as  stated  below. 

Macroscopically  the  porphyryte  is  seen  to  have  an  aphanildc 
groundmass,  which  varies  in  color  from  a  reddish  purple  to  a 
dull  olive  green;  the  freshest  and  more  abundant  phases  show 
the  purple  color.  In  this  groundmass  are  sharply  outlined 
shining  black  crystals  of  hornblende  and  also  irregular  green- 
ish areas,  in  and  around  which  are  frequently  small  bright  yel- 

•Ibld.,  Bull.  No.  2,  pp,  iat-126. 
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low  Spots  and  small  white  spots.  Under  the  microscope  the 
groundmass  is  seen  to  be  made  up  entirely  of  small  short  inter- 
lacing laths  of  feldspar.  In  some  sections  the  groundmass 
becomes  coarser  and  there  is  a  decided  tendency  towards  a 
granular  development  of  the  feldspar.  Although  polysynthetic 
trimming  is  common,  still  some  of  the  feldspar  does  not  show 
it  and  seems  to  be  monoclioic  in  character;  that  there  is  con- 
siderable orthoclase  in  the  rock  is  also  indicated  by  the  per- 
centage of  potash  in  the  analysis."  The  feldspar  is  undergoing 
alteration  and  is  filled  with  small  inclusions  and  minute  fibers 
which  sometimes  appear  to  be  sericite.  The  rock  is  crowded 
with  dust-like  particles,  to  which  perhaps  is  due  its  purple 
color.  There  seems  to  have  been  but  one  period  of  crystalliza- 
tion for  the  feldspar,  phenocrysts  of  this  mineral  being  entirely 
absent.  In  all  the  slides  examined  there  is  no  unindividualized 
glassy  matter  to  be  seen. 

The  hornblende  is  of  the  usual  brown  basaltic  variety,  but 
the  pleochroism  is  not  as  intense  as  in  most  basaltic  horn- 
blendes; a  is  light  straw  colored,  b  is  yellowish  brown  and  c  is 
olive  brown.  The  rays  vibrating  parallel  to  Jn  and  c  are 
not  very  unlike.  The  absorption  formula  is  C'=b>>a  or 
C>b>>i».  The  hornblende  is  all  porphyritic  in  character, 
the  individual  crystals  being  from  one  to  five  millimeters  in 
length.  Each  phenocryst  is  usually  surrounded  by  a  dark 
corrosion  rim. 

The  dull  greenish  areas  seen  in  hand  specimens  are  fouad  to 
be  aggregates  of  chlorite  scales,  sometimes  with  a  radial  ar- 
rangment.  It  is  evident  thac  some  of  this  chlorite  is  an  altera- 
tion product  of  the  hornblende.  But  most  of  the  chlorite  areas 
give  no  evidence  as  to  their  origin.  In  one  section  a  core  of 
pyroxene  was  seen  in  a  chlorite  area,  and  it  is  possible  that  many 
of  these  chlorite  areas  represent  old  augite  phenocrysts;  how- 
ever, they  do  not  show  the  characteristic  outlines  of  augite 
crystals,  but  are  usually  irregular.  Even  if  all  of  these  chlorite 
areas,  which  are  not  clearly  alteration  products  of  hornblende 
crystals,  represent  original  augite  individuals,  the  hornblende 
would  still  be  in  excess  of  the  augite.  So  the  rock  is  called  a 
hornblende  porphyryte,  although  it  perhaps  originally  was  an 
augite  hornblende  porphyryte. 
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The  yellow  spots  in  and  around  the  chlorite  areas  are  second- 
ary epidote,  often  in  the  form  of  minute  spheres.     And  small 
white  spots  of  calcite  are  also  seen. 
The  analysis  of  the  porphyryte  is  as  follows: 
SIO,  Al.O,  P.O,  Fe.O,  PeO  CaO  MgO  K.O  Ha.O  H.O  Total. 
60.32  15^    0.12    5.42     0.89  4.65   6.08    1.82    4.09    l.ffi     99.69. 

In  the  porphyryte  have  been  seen  a  few  fragments  of  rock 
similar  to  the  ^ajwacke  of  the  region,  and  at  its  contact  with 
the  surrounding  rock  the  former  is  finer  grained  than  is  usual, 
but  it  does  not  seem  to  have  altered  the  rocks  with  which  it 
comes  in  contact.  It  seems  very  probable  that  this  moss  of 
porphyryte  is  a  part  of  the  same  magma  which  produced  the 
volcanic  tuff  about  Kekequabic  lake,  but  that  it  solidified  before 
reaching  the  surface,  and  at  present  we  have  no  knowledge  in 
this  region  of  a  surface  flow  of  rock  similar  to  the  tuff. 


EXPLANATION  OF  PLATES. 


Fig.  1.    Cascade  between  Epeilon  and  Knife  lakes. 
Fig.  2.    Fyroxeae  granite  porphyry,  with  unusnallr  large  pbeDocirsts  of 
feldspar.    (No.  1T6  G.)    Three-fourths  nataral  size. 


Geological  map  of  Eeke^iuablc  lake  and  vicinity.  Lake  Co.,  Minn.    The 
figures  In  the  lakes  show  their  hight  above  sea  level. 
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CATALOOUE   OP  ROCK  SPECIMENS   COLLECTED 
IN  NORTHEASTERN  MINNESOTA  IN  1892 


BY  ULYSSES  SHERMAN  GRANT 


This  list  is  a  continuation  of  that  ending  on  page  110  of  the 
20th  (1891)  Annual  Report.  Most  of  the  specimens  have  uot 
been  examined  since  they  were  collected,  so  the  designations 
may  not  always  be  correct.  The  terms  "greenstone"  and 
"muscovado"  are  applied,  according  to  the  field  usage  of  the 
Survey,  to  certain  rocks  which  have  not  as  yet  been  closely 
studied.  In  giving  localities  the  township  is  always  north,  and 
the  range  is  always  west  of  the  Fourth  Principal  meridian. 

735.  Muscovado  near  gabbro  contact.  S.  E.  i  ^S.  E.  i  S. 
W.  i  sec.  32,  T.  64-7,  island  in  Thomas  lake. 

736.  Coarse  biotitic  gabbro.  S.  i  sec.  18.  T.  64-6.  north 
shore  of  Marble  lake. 

737.  Muscovado.     N.  ^  N.  W.  i  sec.  7,  T.  64-6. 

738.  Altered  conglomerate.     S.  i  S.  W.  1  sec.  6,  T.  64-6. 

739.  Matrix  of  altered  conglomerate.  S.  W.  1  S.  E.  i  sec.  1, 
T.  64-7. 

740.  Matrix  of  altered  conglomerate.  N.  W.  i  N.  E.  ^  sec. 
12,  T.  64-7. 

741.  Pine  gabbro.     N.  i  N.  E.  i  sec.  12,  T.  64-7. 

742.  Metamorphosed  matrix  of  altered  conglomerate.  N. 
W.  i  N.  W."  i  sec.  7,  T.  64-6. 

743.  Compact  gray  argillyl«.     E.  i  S.  E.  i  sec.  1.  T.  64-7. 
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744.  Greenstone  band  in  altered  slate.  N.  W.  ^  S.  E  ^  sec. 
1,  T.  64-7. 

745.  Altered  slate.    Same  locality. 

746..  Pyroxene  granite  near  contact  with  slate.  N.  W.  i-  S- 
E  i  sec,  1,  T.  64-7. 

747.  G-ray  slate  near  granite  contact.     Same  locality. 

748.  Pyroiene  granite.     N.  W.  i  S.  E.  1  sec.  1,  T.  64-7. 

749.  Pyroxene  granite  near  contact  with  slate.  N.  E.  i  S.  E. 
isec.  1,  T.64-7. 

750.  Feldspathic  vein  rock  in  slate.  N.  E.  i  S.  E.  i  sec.  1, 
T.  64-7. 

751.  Hardened  slate.    Same  locality. 

762.  Fine  biotite  rock.  S.  i  N.  W.  i  see.  12,  T.  64-7,  port- 
age running  northeast  from  Shoofly  lake. 

753.  Vitreous  quartzyte  carrying  more  or  less  magnetite, 
near  gabbro  contact    N.  i  N.  W.  i  sec.  20,  T.  64-8. 

754.  Gabbro  near  contact  with  quartaiyte.     Same  locality. 

755.  Purple  syenite.    S.  W.  i  N.  E.  J  sec.  34,  T.  6Sf-6.    c_i: 
758.     Diorlte.     Probably  in  the  N.  W.  i  N.  W.  i  sec.  12,  T. 

62-6. 

□  757.     Very  coarse  gabbro.     Probably  in  the  N.  E.  i  S.  W. 
i  sec.  12.  T.  62-6,  bf^  on  north  side  of  Syenite  lake.) 

758.  Brick  red^yenite.  Probably  in  the  S.  W.  i  sec  12,  T. 
62-6,  north  side  of  Syenite  lake. 

759.  Fine  grained  dark  syenite.  Probably  near  the  centre 
of  the  N.  1^  sec  13,  T.  62-6.  east  shore  of  Syenite  lake. . 

760.  Fine  grained  pinkish  syenite.  Probably  near  the  cen- 
tre of  sec.  13,  T.  62-6,  east  shore  of  Syenite  lake. 

761.  Fine  grained  pinkish  syenite.  Probably  in  the  N.  W. 
i  sec.  24,  T.  62-6,  southeast  shore  of  Syenite  lake. 

762.  Pine  grained  gray  syenite.  Probably  in  the  S.  W.  i 
sec.  24,  T.  62-6,  southeast  shore  of  Syenite  lake. 

763.  Pine  grained  gray  syenite.  Probably  in  the  S.  W.  i 
sec  12,  T.  62-6,  island  in  north  part  of  Syenite  lake. 

764.  Volcanic  tuff.  N.  E.  i  S.  E.  i  sec.  34,  T.  65-7,  island 
in  Kekequabic  lake. 

765.  Dark  slate  near  contact  with  pyroxene  granite  por- 
phyry. B.  i  S.  W.  i  sec.  34,  T.  65-7,  point  on  north  side  of 
Kekequabic  lake. 

766.  Dark  slate  and  pyroxene  granite  porphyry  in  contact 
Same  locality. 

767.  Green  schist.  N.  E.  i  S.  W.  i  sec.  35,  T.  65-7,  island 
near  oortk  shore  of  Kekequabic  lake. 
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768.  Greenish  graywacke.  S.  W.  i  N.  E.  i  sec.  33.  T.  65-7,- 
bay  on  north  side  of  Plum  lake. 

769.  Compact  carbonate  rock.  N.  E.  i  S.  W.  i  sec.  33,  T. 
66-7,  west  end  of  Plum  lake. 

770.  Volcanic  tuff.  N.  E.  i  sec.  35,  T.  65-7,  top  of  hill  on 
north  side  of  Kekequabic  lake. 

771A  to  771P.  Pyroxene  granite  from  an  exposure  which  is 
broken  into  parallel  sheets.  S.  B.  i  S.  W.  i  sec.  2,  T.  64-7, 
west  side  of  poiiit  on  soaUi  shore  of  Kekequabic  lake. 

772.  Interbanded  green  slate  and  dark  red  jaspilyte.  Near 
center  of  N.  W.  i  sec.  35,  T.  65-7,  southeast  comer  of  Pickle 
lake. 

773.  Medium  grained  diabase.  N.  W.  i  S.  E.  i  sea  26,  T. 
65-7,  south  shore  of  Spoon  lake. 

774.  Pyroxene  granite.  N.  E.  i  sec.  1,  T.  64-7,  summit  of 
ridge  south  of  Kekequabic  lake. 

775.  Coarse  diabase.  S.  E.  1 S.  W.  i  sec.  29.  T.  65-6,  top  of 
hill  on  north  shore  of  Kekequabic  lake. 

776.  Pyroxene  granite  porphyry  with  large  feldspar  pheno- 
crysts.  N.  W.  i  S.  W.  J  sec.  31,  T.  65-7,  just  south  of  Keke- 
quabic lake. 

776A.  Pyroxene  granite  within  three  inches  of  porphyry 
contact.     Same  locality. 

777.  Pyroxene  granite.     Same  locality. 

777A.  Pyroxene  granite  porphyry  within  six  Inches  of 
granite  contact.     Same  locality. 

778.  Granite  and  granite  porphyry  in  contact.  Same 
locality. 

778A.    Altered  argillyte.    S.  E.  J  S.  W.  i  sec.  31,  T.  65-6, ' 
south  of  Kekequabic  lake. 
778B.     Argillyte.     Same  locality. 

779.  Pyroxene  granite.     Same  locality. 

77dA.     Pyroxene  granite  with  dark  feldspars.  Same  locality. 
760.     Sericitic  argillyte.    &ame  locality. 

781.  Hornblende  granite  (?).  N.  E.  i  S.  W.  i  section  31,  T. 
65-6,  just'  south  of  Kekequabic  lake. 

782.  Pyroxene  granite.     Same  locality. 

783.  Hornblende  granite  (?).  Near  center  of  section  31,  T. 
65-6,  just  south  of  Kekequabic  lake. 

788A.     Rock  fragments  from  same.     Same  locality. 
784A  and  784B.    Altered  grit.    Probably  near  center  of  E.  i 
section  82,  T.  65-6. 
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-  785.     Altered  grit  with  red  jaspilyte  fragments.  Probably  in 
S.  E.  \  section  32,  T.  65-7,  east  shore  of  small  lake. 
78ti.    Pyroxene  granite  porphyry.    Same  locality. 

787.  Conglomerate.  S.  W.  i  N.  W.  J  section  31,  T.  65-6, 
south  shore  of  Kekequabic  lake. 

788.  Pyroxene  granite  porphyry  near  graywacke  {?).  S.  W. 
J  S.  W.  J  section  29,  T.  66-^,  north  shore  of  Kekequabic  lake. 

788A  to  7S8C.     Rock  intermediate  between  788  and  788D. 
Same  locality. 
788D.    Graywacke  (?).    Same  locality. 

789.  Porphyritic  metamorphosed  conglomerate.  S.  W.  \  N. 
E.  ^  section  38,  T.  65-4,  north  side  of  narrows  of  Zeta  lake. 

790.  Gabbro  near  contact  with  quartzyte.  N.  E.  ^  N.  E.  ^ 
section  34,  T.  65-:5. 

791.  Muscovado.  N.  E.  J  N.  E.  J  section  34,  T.  65-5,  north 
.sideof  stream. 

792.  Grayish  purple  hornblende  porphyryte.  North  line  of 
section  29,  T.  65-6,  south' shore  of  flpsilon  lake. 

793  and  793A.  Purple  hornblende  porphyryte.  N.  W.  i  N. 
E.  i  sec.  29,  T.  65-6,  hill  on  shore  of  Epsilon  lake. 

793B.  Decayed dolomyte  (?).  S.  E.  i  S.  W.i  sec.  20,  T.  65-6, 
west  shore  of  Epsilon  lake. 

794.  Green  porphyryte  at  contact  with  slate.  S.  W.  i  S.  E.  i 
sec.  20,  T.  65-6,  west  side  of  little  bay  on  south  shore  of  Epsi- 
lon lake. 

794A.     Porphyryte  near  contact  with  slate.     Same  locality. 
794B.     Greenish  slate  at  porphyryte  contact.     Same  locality. 

795.  Graywacke  from  inclusion  in  porphyryte.  S.  E.  ^N. 
W.  i  sec.  2SC  T.  65-6,  between  Epsilon  and  Beta  lakes. 

796.  Green  porphyryte  near  contact  with  slate.  Same  lo- 
cality.   . 

797.  Typical  purple  hornblende  porphyryte.  N.  E.  i  S.B.i 
N.  W.  i  sec.  29,  T^  65-6,  'south  end  of  Epsilon  lake. 

798.  Coarse  diabase  from  centre  of  large  dyke.  Near  south 
line  of  sec.  20,  T.  65-6,  between  Epsilon  and  Knife  lakes. 

798A.     Fine  diabase  from  small  dyke.     Same  locality. 

799-  Coarse  diabase.  iJear  centre  of  N,  i  sec.  7,  T.  65-6. 
northwest  comer  of  Amoeba  lake,  at  the  portage. 

600.  Flinty  black  slate  showing  lamination.  N.  W.  ^  S.  E.^ 
N.  E.  1  sec.  7,  T.  65-6,  north  shore  of  Amoeba  laka 

801.  Coarse  grit  holding  black  fragments.  S.  E.  i  N.  E.  i 
sec.  7,  T.  65-6,  north  shore  of  Amoeba  lake. 

801A.     Black  fragments  from  si^me.    Same  locality. 
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802.  Fine  grained  laminated  graywacke.  N.  E.  ^  S.  'E.  i 
sec.  7,  T.  65-6,  island  ia  Amoeba  lake. 

808.  Flinty  slate  showing  conchoidal  fracture.  N.  B.  i  N., 
E.  i  sec.  18,  T.  65-6,  west  side  of  bay  of  Amoeba  lake. 

804.  Carbonaceous  (?)  slate.  N.  W.  i  N.  E.  i  sec.  8,  T.  65- 
6,  east  shore  of  small  bay. 

805.  Volcanic  tuff  (?).  Near  north  line  of  sec.  9,  T,  65-6, 
southeast  shore  of  lake. 

806.  Greenish  tuff  (?)  graywacke.  W.  i  N.  E.  i  sec.  9,  T. 
65-6.  south  east  shore  of  lake. 

807.  Green  volcanic  ash  (?).  N.  E.  i  S.  W.  i  sec.  3,  T.  65-6, 
west  shore  of  lake. 

808.  Greenish  slate  and  graywacke  showing  lamination. 
Same  locality. 

809  A  and  809  B.  Gray  argillyte-.  N.  W.  i  N.  W.  i  sec.  2, 
T.  65-6,  east  side  of  lake. 

810.  Coarse  graywacke.  N.  E.  i  S.  E.  J  sec.  3,  T.  65-6,  south 
end  of  island. 

811.  Breccia.  S.  E.  i  N.  W.  i  sec.  10,  T.  65-6,  near  north 
end  of  portage. 

812.  Green  volcanic  ash  { ?).  S.  E.  J  S.  W.  i  sec.  3,  T.  65-6, 
west  shore  of  lake.  , 

812  A.    Green  schist.  S.  i  N.  E.  i  sec.  2,  T.  65-6,  north  shore 
of  lake. 
818.     Grit.    S.  W.  i  sec.  1,  T.  65-6. 

814.  Conglomerate.  N.  W.  i  N.  W.  i  sec.  1,  T.  65-6.  west 
shore  of  lake. 

814  A.  Coarse  hornblende  granite  from  houlder  in  the  con- 
glomerate.    Same  locality. 

614  B.  Various  pebbles  from  the  conglomerate.  Same  lo- 
cality. 

814  C.  Green  pebbles  from  the  conglomerate.  E.  i  S.  E.  i 
sec.  35,  T.  66-6,  west  shore  of  lake.  ■ 

815.  Peculiar  light  gray  graywacke.  S.  ^  S.  W.  i  sec.  10, 
T.  65-6.  north  shore  of  Knife  lake  at  portage. 

816.  Breccia.  N.  W.  i  S.  W.  i  s^.  10,  T.  65-6,  top  of  steep 
hill. 

817.  Conglomerate.    N.  E.  i  N.  E.  i  sec.  10,  T.  65  6. 
817  A.     Pebbles  from  conglomerate.     Same  locality. 

817  B.  Variolyte  ( ?)  pebbles  from  conglomerate.  Same 
locality. 

818.  Coarse  grit  showing  sub  porphyrytic  white  feldspars. 
E.  J  S.  E.  i  N.  E.  i  sec.  84.  T.  66-6,  west  side  of  point  in  lake 
Avis.  I 
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819.  The  same.  S.  W.  i  N.  W.  J  N.  W.  J  sec  35,  T.  6ft-6, 
point  on  west  shore  of  lake  Avis. 

•  820.     Coarse  grit  holding  elongated  gray  pebbles.      N.  W.  i 
N.  E.  ^  sec.  34,  T.  66-6,  point  on  north  shore  of  lake. 

821  and  821A.  Contact  of  Ogishke  conglomerate  and  granite. 
N.  E.  i  S.  E.  i  sec.  7,  T.  65-5.  west  of  West  Sea  Gull  lake. 

822.  Greenstone.  Near  centre  of  S.  E.  \  sec.  7,  T.  65-5, 
west  of  West  Sea  Gull  lake. 

823.  Dark  green  schist.  N.  line  of  sec.  22,  T.  65-5,  a  short 
distance  E.  of  the  N.  W.  corner  of  the  sfection, 

824.  Gray  porphyrytic  rock.  A  short  distance  E.  of  the 
last 

825.  Pink  granite.  N.  line  of  sec  22,  T.  65-5,  i  mi.  E.  of 
the  N.  W.  coraer  of  the  section. 

826.  '  Granite.     A  short  distance  E.  of  the  last 

827.  Chloritic  granite.  N.  line  of  sec.  22,  T.  65-5,  E.  of  the 
i  post. 

827  A  and  827. B.     Quartz-porphyry  ( ?).     Same  locality. 

828.  Granite  in  contact  with  greenstone.  E.  line  of  sec.  23, 
T.  65-5,  about  J  mi.  N.  of  the  i  post. 

829  and  829  A.  Greenstone  near  granite  contact  Same  lo- 
cality. 

829  B.  Greenstone  holding  a  few  quartz  grains.  A  short 
distance  S.  of  the  last. 

629  C.  Greenstone.'  E.  line  of  sec.  23,  T..  65-5,  about  i  mi. 
N.  of  the  ^  post;  top  of  high  ridge. 

829  D.     Very  coarse  greenstone.     Same  locality. 

829  E.  Coarse  greenstone.  E.  line  of  sec  23,  T.  65-5,  at  the 
\  post. 

830.  Greenstone  containing  purple  areas.  W.  line  of  sec. 
23,  T.  65-5,  S.  of  the  i  post. 

831.  Piae  grained  syenite.     Same  locality. 

832.  Light  purplish  graywacke.     Same  locality. 

833.  Gray  porphyritic  rock.  W.  line  of  sec.  28,  T.  65-3,  a 
short  distance  S.  of  the  N.  W.  comer  of  the  section. 

834.  Greenstone  with  hornblende  crystals  and  pebble  forms. 
W.  line  of  sec.  26,  T.  65-5,  N.  of  the  i  post. 

835.  Grit.     S.  line  of  see.  21,  T.  65-5,  W.  of  the  i  post. 

836.  Diabase-     N.  line  of  see.  21,  T.  65-5,  W.  of  thei  post 

837.  Altered  camptonyte  (?).  S.  W.  i  N.  W.  i  sec  12,  T. 
65-5,  N.  W.  shore  of  Cucumber  island,  Sea  Gull  lake. 

838.  Greenstoue.     N.  W.  i  sec.  20,  T.  65-5. 

839.  Granite  with  vein  of  chalcedonic  (?)  silica.  [See:  '  'Geo- 
logical age  of  the  Sagaoaga  syenite",  by  H.  V.  Winchell;  Amer. 


STATE  GEOLOGIST.  65 

Jour.  Sci.,  vol.  xli.,  pp.  386-390,  May.  1891.]  This  specimen  is 
from  the  vein  described  in  this  article.  N,  El  }  S.  W.  J  sec.  12, 
T,  65-4,  Granite  river,  at  east  end  of  portage. 

840.  Greenstone.  Sec  1,  T.  64-6,  west  shore  of  Gabimich- 
igama  lake. 

840A.  Greenstone  holding  magnetite.  S.  W.  i  8.  E. :}  sec.  1, 
T.  64-6,  west  shore  of  Gabimichigaima  lake. 

841.  Coarse  gabbro.  S.  W.  i  S.  W.  i  sec.  1.  T.  64  6,  west 
end  of  Gabimichlgama  laka 

841A,  Coarse  biotite  muscovado.  8  i  S.  W.  i  sec.  1.  T.  ?4^, 
north  side  of  bay  of  Gabimichlgama  lake. 

842.  Diabase  from  centre  of  dyke.  N.  }  N.  i  sec  12,  T. 
64-6,  north  side  of  point  in  Gabimichlgama  lake. 

842A.  Pine  diabase  from  edge  of  dyke,  with  gabbro 
attached.     Same  locality. 

843.  Fine  gabbro  ( ?).  S.  E.  i  S.  E  i  sec.  1,  T.  64-6,  north 
side  of  small  bay  of  Gabimichlgama  lake. 

844.  Heavy,  dark,  biotitic  band  In  the  qnartzyte.  S,  W.  J  S. 
E.  ^  section  1,  T.  64-6,  east  shore  of  Gabimichlgama  lake. 

845.  Light  gray  muscovado.  -N.  ^  S.  W.  J  section  1,  T.  64-6, 
south  shore  of  Gabimichlgama  lake. 

845A.    Yellow  muscovado.    Same  locality. 

846.  Quartzyte  with  magnetite  and  much  amphibole.  Near 
line  between  ranges  6  and  7.  T.  64,  south  shore  of  Gabimich- 
lgama lake. 

847.  Muscovado  from  fragment  in  gabbro.  S.  W.  ^  N.  W.  ^ 
section  6,  T.  64-5,  island  in  Gabimichlgama  lake. 

848.  Pyroxene  from  gabbro.  S.  E.  i  S.  W.  J  section  32,  T. 
65-5,  east  shore  of  Gabimichlgama  lake. 

849.  Ked  granite  from  vein  in  gabbro.  N.  W.  ^  N.  E.  ^  sec- 
tion 6,  T.  64-5,  island  In  GabimichlgamA  lake. 

850.  Muscovado  from  the  gabbro.  S.  W.  J  S.  W.  J  section 
1,  T.  64-6. 

851.  Gabbro  consisting  almost  entirely  of  plagioclase.  S. 
E.  1  N.  E.  1  section  16,  T.  64-5,  east  shore  of  Little  Saganaga 
lake. 

852.  Fine  granite  from  dyke  in  gabbro.  E.  i  section  16,  T. 
64-5,  eaet  t>hore  of  Little  Saganaga  lake. 

853.  Diabase  from  dyke  in  gabbro.  N.  E.  J  N.  E.  J  section 
24,  T.  64-6,  portage  leading  southwest  from  Little  Saganaga 
lake. 

854.  Quartz  gabbro.  S.  E.  J  S.  W.  J  section  12,  T.  64-6. 
southwest  shore  of  small  lake. 
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854A.     Coarse  grained  quartz  gabbro.     Same  locality. 

855.  Muscovado.  W.  line  of  section  9,  T.  64-5,  a  short  dis- 
tance from  the  N.  W.  comer  of  the  section. 

856.  Muscovado.     N.  W.  J  S.  E.  J  section  22,  T.  64-5. 

857.  Typical  fresh  muscovado.  The  large  faces  of  the  speci- 
men are  parallel  to  the  "bedding".  Near  line  between  sec.  2. 
T.  64-5  and  sec.  35,  T.  65-&,  northeast  shore  of  bay  of  Bashi- 
tanalEueb  lake. 

867 A.  Typical  fresh  muscovado.  A  few  rods  north  of  the 
lasti 

857B.  Decaying  muscovado.  The  large  faces  of  the  speci- 
men are  parallel  to  the  "bedding".    Same  locality. 

858.  Olivine  gabbro  showing  a  gueissic  structure.  N.  E.  i 
N.  W.  i  sec.  11,  T.  64-5,  south  shore  of  Bashitanakueb  lake. 

859.  Olivine  gabbro.  N.  i  S.  E.  J  sec.  3,  T.  64-5,  north 
shore  of  Bashitanakueb  lake. 

859A.  Nodules  rich  in  olivine  and  magnetite,  from  the  gab- 
bro.    Same  locality. 

860.  Rather  coarse  grained  fresh  muscovado.  8-  W.  i  S.  E. 
i  S.  W.  i  sec.  36,  T.  65-5,  south  shore  of  Muscovado  lake. 

861.  *  Reddish  granite.  N.  E.  i  S.  W.  J  sec.  3,  T  64-5,  south 
shore  of  lake. 

862.  Quartzyte  showing  fine  laminae.      N.  i  sec.  34,  T.  65-5 . 

863.  Muscovado  showing  banding.     N.  i  sec.  2,  T.  64-6. 

864.  Green  schist.    S.  side  of  S.  E.  i  S.  E.  i  sec  21.  T.  65-4. 
864A,     Fine  grained  quartzyte  band.    Same  locality. 

864B.     Magnetite  band.    Same  locality. 

865.  Fine  grained  greenstone.  N.  E.  i  S.  E.  i  section  24,  T. 
65-5,  south  shore  of  lake. 

865A,  Greenstone  at  contact  with  syenite  porphyry.  S.  B. 
comer  of  N.  E.  i  S.  W.  i  sec  24,  T.  65-6. 

866.  Syenite  porphyry.    Same  locality. 

866A.  Syenite  porphyry  at  contact  with  greenstone.  Same 
locality. 

867.  Greenstone.  W.  i  S.  W.  i  sec.  ^0,  T.  65-4,  portage 
east  from  Flying  Cloud  lake. 

868.  Greenstone.  N.  W.  J  S-  W.  J  sec.  30,  T.  65-4.  north 
shore  of  lake. 

869.  Coarse  mottled  greenstone.  S.  W.  i  N.  W.  i  sec.  30,  T. 
65-4,  north  end  of  portage. 

870.  Schistose  greenstone.  The  large  flat  surface  is  paral- 
lel to  the  schistose  structure-  S.  E.  J  N.  W.  J  sec.  30,  T.  65-4, 
south  side  of  lake. 
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871.  Gabbro  ten  feet  from  contact.     N.  E.  i  N.  E.  i  S.  E. 
\  sec.  30,  T.  65-4,  south  shore  of  stream. 

871A.     Gabbro  within  eighteen  inches  of  contact.      Same ' 
locality. 
871B.     Gabbro  within  two  inches  of  contact.     Same  locality. 

872.  Gray  biotite  rock.     Near  north  line  of  sec.  31,  T.  65-4, 
west  side  of  Gaiter  lake. 

873.  Fine  gabbro  within  100  feet  of  contact  with  quartzyte. 
W.  i  N.  W.  i  8,  W.  i  sec.  29,  T.  65-4. 

874.  Porphyritic  diabase.     S.  W.  J  N.  E.  J  sec.  29.   T.    65-4.     ' 
just  north  of  Akeley  lake. 

874A.  Diabase  from  contact  at  top  of  sheet.  Same  locality. 
874B.  Diabase  from  contact  at  bottom  of  sheet.  Same  locality, 
874C.    Quartzyte  at  contact  with  diabase.    Same  locality. 

875.  Greenstone.    S.  W.  J  N.  E.  J. sec.  29,    T.  65-4,  just 
north  of  the  workings  at  Akeley  lake. 

876.  Gray  rock  holding  graphite.    S.  W.  i  N.  E.  i  sec.  Sb. 
T.  65-4,  Paulson's  camp. 

876A.     The  same  at  gabbro  contact.     Same  locality. 

877.  Pine  grained  gray  quartzyte.  E.  iS.  W.Jsec.  21,  T.65-4. 

878.  Greenstone.    Same  locality. 

679.    Pine  quartzyt«  banded  with  magnetite.    Same  locality. 

880.  Magnetitic  iron  ore.  Near  center  of  N.^sec  28,  T.  65-4. 

881.  Coarse  vitreous  quartzyte.     S.  W.  i  N.  W.  J  sec.  28, 
T.  65-4. 

682.    Peculiar  dark  micaceous  part  of  quartzyte.     N.  i  S. 
W.  J  N.  E.  J  see.  28.  T.  65-4. 

883.  Gabbro.      E.  line  of  sec  27,  T.65-4,  north  of  the  J  post. 

884.  Pine  gabbro.    S.  E.  i  N.  E.  J  see.  29,  T.  65-4. 

886.     Coarse  olivine  gabbro.     S.  W.  J  N.  E.  J  sec.  26.  T.  65-4, 
south  shore  of  small  lake. 

885  A.     Gabbro  very  rich  in  olivine.     Same  locality. 

886.  Pine  diabase.     S.  E.  J  S.  E.  i  sec.  22,  T.  65-4. 

887.  Nickel  ore.  S.  W.  J  N.  W.  i  N.  W.  J  sec.  27,  T.  65-4. 
'688.     Garnetiferous  band  in  green  slates.    Jusl  N.  of  the  S  i 

post  of  sec.  22,  T.  65-4. 

889.  Diabase  from  dyke.     Just  S.  of  the  N.  E.  corner  of  sec. 
22,  T.  65-4. 

869  A.     Pine  diabase  from  edge  of  dyke.    Same  locality. 

890.  Gray  quartzyte.     About  J  mi.  S.  of  the  N.  E.  comer  of 
sec.  22,  T.  65-4. 

891.  Porphyritic  diabase.    S.  E.  i  S.  E.  i  sec.  22,  T.  65  4. 

892.  Gray  quartzyte  band  from  the  slates.  Same  locality. 
898.     Diabase  from  dyke.  Cross  river.  S.  line  of  sec  27,  T.  65-^  U 
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PRELIMINARY  REPORT  OF  A  RECONNOISANCE 
IN  NORTHWESTERN  MINNESOTA  IN  1892. 

BY  J.  E.  TODD. 

ITINERARY. 

Having  prepared  an  outlit,  cocsisting  of  a  covered  spring 
wagon  and  span  of  ponies,  and  secured  an  experienced  assist- 
ant, Mr,  Arthur  W.  Chase  of  Hastings,  I  left  Minneapolis  July 
7,  1892. 

We  proceeded  by  the  main  road,  up  the  west  bank  of  the 
Mississippi  to  Little  Falls,  there  crossed  and  continued  on  the 
opposite  aide  to  Brainerd,  arriving  July  12th. 

Pursuant  to  correspondence  with  Mr.  S.  A.  Shellabarger  and 
Mr.  Pettengill,  txith  of  Staples,  I  went  by  rail  to  that  point.  I 
tliere  investigated  reported  finds  of  petroleum,  found  them  mis- 
taken, and  with  the  latter  gentleman  visited  some  "curious 
mounds,"  on  sections  9  and  16,  T.  132,  33;  they  were  clearly  an 
"osar"  half  a  mile  long  and  30  to  50  feet  high. 

Returning  to  Brainerd,  I  prepared  for  camping,  and  pro- 
ceeded to  Leech  lake  by  the  main  trail,  via.  Pine  River  and 
flackensack  post  offices.  Of  necessity  I  returned  to  the  latter 
point,  sec.  19,  T.  140,  30,  and  thence  went  nearly  due  west  to 
Park  Rapids.  Thence  northwest  to  the  county  line  which  we 
followed  quite  closely  to  lake  Itasca,  then  down  its  east  side 
to  its  outlet,  where  we  procured  a  boat  and  visited  the  souUi- 
west  head  of  the  lake  and  photographed  its  inlets  and  Elk  lake. 

Prom  Itasca  we  kept  a  north  course,  fording  the  Mississippi 
at  Dutch  Fred's  crossing,  on  to  Mike  Spain's,  sec.  29.  146,  35. 
After  making  a  short  trip  about  three  miles  northwest,  we  fol- 
lowed the  trail  to  lake  Bemidgi,  crossing  the  Little  Missis- 
sippi on  sec.  16. 146,  35,  Grant  creek  on  or  near  sec.  29,  147,  34, 
and  lake  Bemidgi  upon  the  circular  bar  formed  by  the  inflow- 
ing Mississippi.     From  Carson's  trading  post  on  the  south 
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shore  of  the  lake,  we  retraced  our  course  six  or  seven  miles, 
then  struck  north  by  a  trail  to  N.  E.  cor.  sec.  26,  148,  34,  and 
thence  a  little  south  of  west  to  Bagley  Dam,  sec.  31, 148,  35,  on 
Clearwater  river. 

After  takiaga  foot-trip  about  six  miles  southwest  from  there, 
nearly  to  the  Little  Mississippi,  we  went  on  down  the  west 
bank  of  the  Clearwater  to  Clearwater  Lake  dam,  sec.  12,  149, 
36.  Thence  we  made  a  trip  to  Red  Lake  Agency,  going  by  the 
"Little  Rock  road"  and  returning  by  the  "Sugar  Camp  road." 
The  two  coincide  as  far  as  Sandy  river.  A  foot  trip  was  also 
taken  about  two  mites  south  from  the  Agency.  We  reached  the 
Agency  July  28.  After  returning  to  Clearwater  lake  dam  we 
took  the  old  trail  to  Fosstou  via.  How's,  sec.  4,  147,  37,  and 
Popple,  sec.  22,  147.  38. 

From  Posstonwe  went  on  past  Mcintosh,  "Bucktown,"  Lam- 
bert and  Badger,  west  to  sec.  1,  T.  150,  45,  thence  south  two 
miles,  then  east  and  north  to  Red  Lake  Palls.  Thence  to  Thief 
River  Falls,  where  finding  that  we  could  not  take  a  short  course 
to  Jadis,  we  went  by  Excel  and  Bokke's,  sec.  22,  156,  45,  to  the 
"Pembina  trail."  crossed  Middle  river  near  the  S.  E.  corner 
of  T.  157,  46,  and  the  Tamarac  near  the  middle  of  the  north 
line  of  the  same,  we  soon  got  on  to  the  "Jadis  ridge"  which 
we  followed  over  40  miles  nearly  to  that  point.  From  Jadis 
we  took  our  team  to  sec.  15.  T.  162,  39,  where  we  left  it  and 
taking  a  guide  made  our  way  on  foot  to  the  mouth  of  War 
Road  river  on  Lake  of  the  Woods,  arriving  Aug.  9th.  Next 
day  we  hired  an  Indian  with  his  canoe  to  take  us  past  Rocky 
point  and  two  or  three  miles  northeast  to  a  bare,  rocky  island 
which  for  convenience  we  will  call  Cormorant  island  because 
we  foun'd  a  score  or  more  of  cormorant  nests  upon  it. 

From  this  our  farthest  point  we  retraced  our  former  course 
as  far  as  the  Tamarac  river,  at  Nelson's,  sec.  14,  158,  46,  be- 
cause there  was  no  other  practicable.  From  that  point  we 
went  to  Stephen  by  the  stage  route,  and  from  there  southeast 
to  a  road  running  east  from  Argyle,  which  we  followed  past 
Bokke's,  Humboldt,  Ingalls  and  Breese  postofflces  to  sec.  11, 
T.  157,  42,  where  I  left  my  team,  and  went  on  foot  five  or  six 
miles  east  over  marshy  ground  to  the  southern  side  of  Thief 
lake.  We  then  proceeded  directly  past  Holt  and  Excel  post- 
offices,  Thief  River  Palls,  St.  Hilaire,  Red  Lake  Palls  and 
Lambert,  to  sec.  19,  T.  150,  40;  thence  south  about  four  miles, 
whence  several  short  trips  were  taken  on  foot  to  explore  an 
old  channel,  and  thence  southeast  to  Fosston. 
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From  that  point  by  the  usual  trail  to  White  Eiurth  Agency 
and  on  south  past  Richwood  to  Detroit,  where  I  took  the  train 
for  Minneapolis,  Aug.  27th,  leaving  Mr.  Chase  to  bring  on  the 


SKETCH  OF   OBSERVATIONS  AND   BESULTS. 

I  was  furnished  with  aneroid,  compass,  field  glass  and 
camera.  Opportunity  for  extensive  views  were  rare  and  over 
much  of  the  way  departure  from  the  regular  trail  very  labo- 
rious, and,  therefore,  seldom  attempted.  Opportunities  for  in- 
terviewing old  settlers,  surveyors  and  "cruisers,"  were  dili- 
gently sought,  and  frequently  led  to  valuable  information. 

1.  Exposures  of  Older  Bocks. — North  of  Little  Falls  no  ex- 
posure of  '  'bed-rock"  anywhere  was  found  except  at  the  extreme 
limit  of  our  journey,  in  Lake  of  the  Woods.  At  Rocky  point, 
showing  nearly  a  mile  along  its  west  side  and  extending  I  was  - 
told  several  miles  east,  finely  glaciated  knobs  rose  like  whale - 
backs  5  to  15  feet  above  the  water  level.  Cormorant  island, 
covering  perhaps  half  an  acre  and  rising  15  feet  above  the 
water,  and  a  few  small  islands  south  of  it  were  composed 
entirely  of  such  rocks  eroded  a  very  little  by  the  lake.  The 
level  of  the  lake  was  about  six  feet  higher  than  a  short  time 
before  because  of  a  dam  placed  across  its  outlet  at  Rat  Port- 
age, as  I  was  informed. 

The  rock  at  Cormorant  island  and  the  northern  part  of 
Rocky  point  is  a  dark  magnetic  gabbro  as  it  would  appear  on 
macroscopic  examination.  It  was  found  so  highly  magnetic 
that  no  reliance  could  be  placed  on  the  compass.  The  needle 
would  swing  all  round  the  circle  within  a  few  feet  if  held  three 
or  four  feet  above  the  surface  of  the  rock,  and  a  mass  of  about 
a  dozen  cubic  inches  would  hold  the  needle  placed  by  it,  in  any 
position. 

This  rock  is  in  places  coarse  grained  and  porphyritic.  Upoo 
Cormorant  island  it  exhibited  a  striped  appearance  of  flowing 
lines  of  light  and  dark,  shading  into  one  another. 

Joining  this  dark  rock  upon  the  southwest  is  a  fine  grained 
pinkish  gray  granite,  the  intersecting  plane  between  them  be- 
ing nearly  perpendicular. 

I  met  at  Red  lake  a  settler  by  the  name  of  Wm.  Kasson 
who  told  me  that  there  was  an  exposure  of  dark  hard  rock, 
rising  a  few  feet  above  the  south  fork  of  Battle  river,  on  ox 
near  sec.  36,  152,  30. 
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Another  settler  who  had  been  a  quarryman  said  that  ten 
milee  west  of  where  Badger  creek  enters  the  "Big  maskeg," 
near  the  center  of  Kittson  county,  he  dug  down  four  feet  below 
the  surface  and  fonnd  limeBtone  four  feet  square  without 
seams,  how  much  more  extensive  he  did  not  discover.  Not 
far  away  on  a  ridge  he  saw  flaky  layers  of  limestone,  tipped. 

At  Bed  Lake  Falls  a  well  had  been  bored  over  400  feet. 
From  the  statements  of  the  borer,  Mr.  Anderson,  the  follow- 
ing section  is  made; 

1.  47  ft  Lacustrine  clay,  much  of  it  laminated. 

2.  47-112  feet.  Clay  with  small  stones.  Water  struck  in 
limited  quantity  at  47  feet. 

3.  112-816  feet. .  Sand  and  gravel  cemented  above  the  water 
for- several  feet. 

Struck  water  at  118  feet  and  316.    The  last  rose  up  to  47  feet. 

4.  316-407.     Clay  withont  grit.    Could  bore  50  feet  a  day. 
No.  4  is  without  doubt  preglacial  and  possibly  part  of  No.  3. 
Mr.  J.  C.  O'Brien  of  Red  Lake  Falls  informed  me  that  there 

are  rock  ledges  along  most  of  the  course  of  Rainy  river;  that 
Rapid  river,  which  is  a  large  stream,  has  a  branch  running 
nearly  parallel  with  Rainy  river,  and  not  far  away  from  It, 
skirting  the  edge  of  the  rocky  area. 

2.  Glacial  Drift. — This  formation  covers  without  doubt  th^ 
whole  re^on  visited,  with  the  exceptions  already  mentioned. 
It  is  in  torn  covered  over  wide  areas  by  more  recent  deposits 
formed  by  lakes  and  rivers. 

As  regards  the  characters  of  the  drift  sheet  in  general, 
little  need  be  said  here.  The  upper  or  modified  drift,  which ' 
may  be  the  enclacial  drift  more  or  less  stratified  by  the  waters 
of  the  melting  ice-sheet,  is  generally  sandy  in  the  Mississippi 
basin  and  over  the  divide  toward  the  Red  Lake  as  far  as  the 
morainic  strip  running  east  south  of  the  lake.  A  clayey  strip 
was  noticed  south  of  Leech  lake  and  another  extending  north' 
east — southwest  crossing  T.  148,  35.  In  this  same  area  lime- 
stone erratics  are  very  rare.  Dr.  Jas.  R.  Walker,  sub-agent  at 
Leech  lake,  after  wide  travel  informed  me  that  he  had  seen 
but  one  limestone  boalder.  I  found  none  until  I  reached  T. 
146,  36,  and  then  only  one  or  two  small  shaly  ones.  I  fonnd  a 
few  lime-pebbles  in  lake  Itasca.  Throughout  this  same  area 
black  siliciouB  slaty  boulders  seem  more  common  than  else- 
where. 

After  entering  the  morainic  strip  south  of  Clearwater  lake, 
limestone  boulders  became  more  abundant  and  were  not  very 
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scarce  throughout  the  rest  of  oar  journey.  In  the  rest  of  oar 
course  also,  clay  was  the  common  subsoil,  except  on  terraces 
and  beaches.  It  was  generally  of  a  light  gray,  though  some- 
times yellowish. 

Typical  till  was  observed  at  the  base  of  several  high  banks 
along  the  Clearwater  Eind  Red  Lake  rivers. 

Moraines. — Not  venturing  to  decide  their  relations,  inmost 
cases,  I  will  simply  enumerate  them  by  locaJities. 

(a).  Kough  ground  was  struck  southeast  of  Gull  lake,  and 
continued  more  prominently  west  of  the  lake  north  to  a  little 
north  of  Twin  lakes.  High  ground  was  crossed  just  south  of 
Pine  river  in  T.  137,  29.  This  apparently  came  in  from  the 
southwest,  and  was  thought  to  connect  with  the  ridges  left  8  or 
10  miles  farther  south. 

(6).  A  very  rough  country  was  entered  in  the  northwest 
comer  of  T.  139,  30,  and  traversed  for  about  14  miles  going 
north.  It  rose  150  to  175  feet  above  Leech  lake  and  80  to  100 
above  the  country  south.  Dr.  Walker  informed  me  that  it  did 
not  extend  farther  east  than  the  southeast  corner  of  Leech 
lake,  also  that  there  were  hills  southwest  of  the  lake.  I  was 
informed  by  a  "cruiser"  that  there  were  hills  west  of  Pine 
lake  which  connected  with  those  along  Gull  lake,  therefore  I 
am  disposed  to  consider  the  morainic  region  south  of  Leech 
lake  to  be  an  interlobular  angle  of  the  same  moraine  to  which 
{a)  belongs. 

(c).  No  distinct  morainic  features  were  noticed  between 
Hackensack  and  Park  Rapids,  but  near  the  southeast  corner  of 
T.  141,  36,  we  encountered  ridges  again,  extending  east  and 
west,  which  became  higher  and  rougher  northward.  These 
features  continued  till  we  were  east  of  the  fork  in  lake  Itasca. 
Ite  higher  points  rise  150  feet  or  more  above  the  lake. 

(d).  Along  Grant  creek  in  T.  147,  34,  we  encountered  a 
narrow  but  well  defined  moraine  running  S.  S.  E.,  the  knobs 
rising  abruptly  25  and  30  feet.  A  trader,  Mr.  Carson,  of  lake 
Bemidgi,  said  it  passed  4  or  5  miles  south  of  that  lake.  We 
crossed  an  elevated  strip  in  the  south  part  of  T.  148,  34,  which 
is  supposed  to  be  a  continuation  of  the  same,  running  more 
directly  north.  Prom  reports  we  judge  that  it  joins  a  morainic 
strip  running  east  and  west,  a  little  further  north. 

(e).  A  clayey  elevated  undulating  strip  was  crossed  in  the 
northern  part  of  T.  148,  35,  crossing  the  Clearwater  in  an 
eastward  direction,  and  rising  In  places  175  feet  above  that 
stream. 
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(/).  The  region  north  and  west  of  Clearwater  lake  is  mor- 
ainic,  and  east  of  the  crossing  of  Sandy  river  there  are  knobs 
rising  125  feet  above  that  stream  and  50  feet  above  the  clayey 
plain  north.  This  is  believed  to  be  the  northern  member  of  a 
double  or  interlobular  moraine  running  east.  Its  northern 
slope  is  understood  to  extend  quite  directly  westward  through 
the  southern  part  of  T.  150,  40. 

(g).  The  region  traversed  between  Clearwater  lake  dam 
and  Fosston  was  mostly  moraioic,  higher  points  being  crossed 
in  148,  36,  near  the  east  line  of  147,  38,  and  near  center  of 
147,39-  There  appeai-s  to  be  a  moraine  running  southwest 
along  northwest  of  the  upper  Clearwater,  #hich  very  likely 
connects  with  the  eastern  morainic  belt  in  Becker  county. 

{A).  The  country  is  morainic  north  and  northwest  of  Foss- 
ton,  but  not  so  distinctly  so  west  and  south,  though  there 
are  some  knobs  algng  west  of  the  old  valley  leading  east  and 
south  of  that  place. 

(»)■  A  very  stony  well  defined  moraine  crosses  the  southern 
tier  of  sectious  in  T.  150,  40,  and  ends  abruptly  near  the 
southwest  corner,  where  it  crosses  a  well  preserved  lake  beach. 
This  is  believed  from  reports  to  connect  with  {/.) 

(i).  A  well  developed  moraine  was  crossed  south  of  the 
Wild  Rice  river  in  T.  144,  40.  where  it  rises  over  100  feet  above 
that  stream.  The  same  moraine  was  seen  on  the  lower  land, 
in  or  near  T.  143,  43.  I  refrain  from  speaking  of  moraines  al- 
ready noted  in  reports. 

{k).  Mild  morainic  features  were  noted  along  west  of  the 
south  courses  of  Thief  and  Bed  Lake  rivers,  in  range  44,  in 
north  Polk  county,  particularly  a  few  miles  south  of  St. 
Hilwre.  There  are  shallow  basins  separated  with  narrow  low 
ridges  and  frequent  boulders  In  places.  It  has  evidently  been 
subject  to  lacustrine  action  also.  This  is  thought  to  continue 
southeast  from  152,  44  and  connect  with  (i). 

(1).  Five  or  six  miles  southwest  of  the  mouth  of  War  Road 
river  we  passed  over  a  ridge  lying  east  and  west,  about  45  feet 
in  higbt  above  the  peat  marshes  or  "muskegs"  around.  It 
was  quite  sandy  in  places,  but  showed  boulders  at  various 
points  and  one  bircular  basin  was  noted  toward  the  east  end.  It 
was  impossible  to  get  a  good  idea  of  its  form  on  account  of  the 
trees,  bat  it  appeared  like  an  inclined  sand  plain  sloping  south- 
ward. Two  other  low  bouldery  ridges  were  crossed  southwest 
of  it  Mr.  G.  F.  Schoonover,  our  guide,  said  that  a  similar 
ridge  corresponding  to  the  first  mentioned  was  found  farther 
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east  and  connected  with  a  ridge  running  nearly  southwest  from 
Rocky  point.  There  is  said  to  be  a  ridge  a  little  north  of  the 
boundaty,  called  Pine  ridge,  which  connects  north  with  White- 
mouth  ridge,  just  how  I  could  not  make  out.  High  land  north 
of  the  Eoseau  can  be  seen  from  Jadis  ridge. 

Rumors  have  come  to  me  from  several  sources,  some  of  them 
quite  circumstantial i  that  there  is  quite  a  high  ridge  south  or 
southwest  qf  Rocky  point  Possibly  these  may  be  morainic 
ridges  to  be  correlated  with  (i)  and  (k).  They  are  probably 
more  or  less  shaped  by  lacustrine  action. 

Osara. — In  or  near  the  southeast  corner  bf  T,  146,  36,  I  as- 
cended the  bead  of  an  abrupt  ridge  rising  about  100  feet  above 
the  surrounding  plain.  Its  train  of  knobs  of  diminishing  bight 
trended  S.  30"  W.  mag.     It  was  quite  bouldery. 

Some  low  winding  ridges  trending  eastward  were  noted  in 
the  valley  a  few  miles  south  of  Fosston,  which  were  probably 
of  this  class.     They  were  not  over  20  feet  in  bight. 

In  regions  already  described  I  noted  two  fine  examples.  One 
on  sections  9  and  16,  132,  33,  already  mentioned,  and  one  not 
far  from  Darling,  Morrison  Co.  It  is  cut  by  the  railroad 
and  exhibits  the  stratified  structure  finely.  It  is  30  or  40 
feet  high. 

Fitted  FlaiTU. — I  know  of  no  better  term  to  express  what- 1 
have  observed  at  several  points,  though  I  am  not  sure  that 
what  have  been  so  called  by  others  are  the  same. 

The  finest  example  of  this  class  is  found  south  and  southwest 
of  Re<3  lake.  The  topography  is  very  even,  rising  gently  to  the 
south,  but  dotted  with  basins  with  abrupt  sides  and  of  quite 
uniform  depth.  These  depressions  are  of  all  sizes  from  a  few 
feet  across  to  many  acres.  I  could  not  resist  the  impression 
that  an  ice-sheet  had  gone  to  pieces,  its  blocks  stranded  and 
clay  and  sand  had  filled  in  quite  level  around  them.  Later 
they  had  melted  and  left  their  places  vacant. 

A  similar  but  less  perfect  example  is  found  about  Leech  lake 
and  north  of  the  east  course  of  the  Mississippi.  Along  the 
Little  Mississippi  this  structure  was  marked  along  its  channel, 
as  though  a  subglacial  channel  had  been  marked  by  blocks  of 
ice..   This  was  noted  particularly  in  the  western  part  of  146.85. 

Old  Channels. — Only  a  few  of  the  more  significant  need  be 
mentioned. 

(a).  There  is  a  conspicuous  gap  through  Moraine  (i),begin- 
ning  on  or  near  sec.  27,  150,  40.  From  it  a  channel  trends 
southwest  and  spreads  out  on  a  delta  on  a  level  with  a  well 
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defined  beach  un  or  near  sections  6  and.  7  of  the  town  next 
soatb.  From  the  same  gap  a  terrace,  40  to  GO  feet  higher, 
leads  more  directly  southward  toward  Mcintosh.  In  this 
terrace  is  a  row  of  large  basins  and  lakes  with  abrupt  sides. 

(&).  There  Is  a  notable  chain  of  lakes  extending  southwest 
from  Leech  lake,  which  is  utilized  by  the  Indians  for  a  trail. 
It  crosses  T.  141,  82,  and  140,  33. 

(c).  Several  shallow  winding  channel-like  swamps  are  found 
traversing  interruptedly  the  plain  forming  the  divide  between 
the  Clearwater  and  the  MississippL  , 

Sfrice. — These  are  found  abundantly  on  the  surface  of  the 
only  rocks  found  in  the  region,  capable  of  receiving  and  pre- 
serving them,  viz. :  at  the  Lake  of  the  Woods.  Their  direction 
is  generally  southwest,  or  parallel  with  the  axis  of  the  south- 
western bay  of  the  lake.  As  the  magnetic  needle  was  useless, 
note  was  taken  with  reference  to  the  sun.  but  the  results  have 
not  yet  been  calculated. 

3.  Lacustrine  and  Becent  I\>rmations. — Large  portions  of  the 
region  visited  were  formerly  the  bed  of  lake  Agassiz.  The 
several  beaches  of  the  lake  were  frequently  traversed-  We 
may  enumerate  and  locate  them  as  follows,  beginning  with  the 
highest;  we  use  local  names,  as  their  correlations  are  not  cer- 
tain: 

(a).  The  Lindsay  beach.  This  seems  tu  intersect  the 
moraine  on  sec.  81,  160,  40,  and  runs  nearly  south  for  three  or 
four  miles  at  least.  It  was  first  seen  from  the  west  and  photo- 
graphed with  the  thought  that  it  was  a  terrace  of  Hill  river. 

(b).  The  Baudry  beach.  This  passes  east  of  north  near  the 
station  Baudry.  It  was  not  closely  examined.  This  is  be- 
lieved to  correspond  to  some  indistinct  fragmentary  beach  lines 
noted  along  west  of  the  south  courses  of  Thief  and  Red  Lake 
rivers,  and  possibly  with  the  next. 

(c).  The  Excel  beach.  This  is  well  developed  and  nearly 
continuous,  extending  along  the  east  lines  of  T.  155,  44,  and 
156,44.     This,  I  believe,  is  sometimes  called  Oak  ridge. 

{d}.'  The  Higher  Gteutilly  beach.  Along  the  east  side  of 
Town  Gentllly,  150,  45,  are  two  sand  ridges,  one  about  15  feet 
higher  than  the  other.  They  are  about  200  yards  apart  and  a 
canal-like  pond  runs  between  them  for  some  distance.  Ap- 
proaching the  river  north  they  turn  westward  and  are  said  to 
pass  Ives  Station  or  ridge.  They  were  found  still  together 
along  west  of  the  east  line  of  T.  156,  46,  and  were  observed 
between  the  Tamarac  and  Middle  rivers. 
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(e).  The  Jadis  ridge.  This  probably  is  a  continuaUon  of 
the  last.  It  was  followed  from  the  northwest  coruer  of  T. 
158,  46,  north  and  then  east-northeast  past  Pelan  and  Badger 
to  sec.  22,  T.  162,  40,  near  Jadis.  It  ia  a  most  imposing  fea- 
tnre,  forming  a  perfect  thoroughfare  through  swamps  and  tim- 
ber. It  is  grassy  along  its  top,  with  oalES  and  elms  on  its 
slopes.  It  is  often  18  to  20  feet  high,  with  a  breadth  of  300 
yards  when  of  simple  structure.  It  Is  at  several  points  double 
or  triple,  with  cross  ridges.  At  its  eastern  extremity  it  ends 
in  an  abrupt  curve.to  the  south.  It  is  there  about  65  feet  high 
above  the  plain  east,  with  lower  terraces  at  12  and  38  feet  above 
the  same.  It  will  be  noticed  that  this  is  about  the  bight  of 
the  bouldery  ridge  mentioned  under  moraines  (0- 

(/).  The  Lower  Gentilly  beach.  As  before  said  there  are 
two  ridges  nearly  parallel  along  the  east  side  of  T.  150,  45. 
It  is  found  in  company  with  the  Higher,  where  we  met  with  it, 
till  both  have  crossed  the  Tamarac,  then  the  lower  is  said  to 
turn  northwestward  to  the  vicinity  of  Hallock.  The  Pembina 
trail  follows  it.  We  were  not  so  fortunate  as  to  determine  the 
exact  point  where  the  two  separated. 

(fir).  The  Foldal  beach.  Another  well  defined  ridge  was 
found  about  parallel  with  the  last.  It  was  crossed  on  sec.  4, 
156,  46,  and  on  or  near  sec.  24,  158,  47. 

( A).  Nelson's  beach.  Running  east  through  the  third  tier  of 
sections  In  T.  162,  39,  is  a  low  sandy  beach,  not  more  than  10 
feet  above  the  surrounding  fiat.  I  judge  that  the  inner  side  is 
north,  but  am  not  certain.  It  seems  to  marli  the  north  side  of 
an  old  delta  of  the  Roseau  river. 

Bouldery  Strips.— The  inner  sides  of  the  ridges  are  bounded  ■ 
generally  with  clayey  flats  quite  thickly  strewn  with  boulders, 
BO  much  so  as  to  interfere  seriously  with  their  tillage  when  dry 
enough  to  farm,  and  with  mowing  when  used  as  hay-meadows. 
This  feature  is  easily  explained  by  the  wash  of  waves  and  the 
undertow,  while  the  adjacent  beach  was  forming.  In  places 
they  are  so  abundant  as  to  suggest  that  floating  ice  may  have 
assisted  in  collecting  them.  As  Mr.  Upham  has  already  ob- 
served, boulders  are  rarely  if  ever  found  on  the  beach  itself.  I 
found  one  boulder  of  limestone  about  6  inches  in  diameter  on 
the  summit  of  the  lower  beach  in  Gentilly,  and  one  or  two 
larger  on  Nelson's  beacb.  The  body  of  the  beach  is  usually 
sand  and  gravel,  the  latter  rarely  coarse.  Boulders  however 
are  found  close  to  the  beach  and  not  far  below  the  summit. 
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Glay  Flats. — Extensive  areas  inside  and  remote  from  a  beach 
are  commonly  covered  with  fine  clay.  This  is  the  case  about 
Stephen  and  I  understand  between  there  and  the  Bed  river,  and 
so  generally  nortii  and  south  along  the  Ijtottom  of  the  Red 
River  valley. 

About  Red  Lake  Falls,  as  was  finely  shown  in  fresh  railroad 
cuts,  there  is  a  deep  deposit  of  dark  laminated  clays  of  fine 
grain.  There  is  a  layer  of  dark  clay  ^  to  ^  inch  thick,  then  a 
loose  light-colored  deposit  not  more  than  a  tenth  as  thick, 
which  shows  plant-like  structure  of  some  Algte  compressed. 
These  deposits,  though  20  feet  in  depth,  in  places  are  quite 
inconsbuit  in  thickness  and  sometimes  pass  abruptly  laterally 
into  sand.  In  the  Roseau  valley  a  similar  formatioh  was  ofo- 
'  served  in  freshly  dug  wells.  A  case  was  reported  as  follows, 
near  Roseau  lake:  Eight  feet  below  the  surface  this  laminated 
clay  was  struck  and  was  8  feet  thick;  then  sand,  red  clay  and 
pebbles  for  23Jeet;  then  the  laminated  clay  again,  which  con- 
tinued down  as  far  as  160  feet  from  the  surface. 

In  Ross  township  near  by  a  well  was  dug  110  feet  deep  all  in 
this  laminated  clay,  and  from  that  depth  the  water  rose  to  the 
surface.     This  was  reported  by  Schoonover. 

Biver  Terraces.— A.  few  only  of  the  more  notable  may  be  men- 
tioned here.  Along  the  Clearwater,  aboutBagley  dam,  a  sand 
terrace  25  to  30  feet  above  the  stream  is  quite  widely  devel- 
oped. A  section  below  the  dam  showed  the  full  hight  built 
of  obliquely  stratified  sand  with  a  bouldery  stratum  about  the 
middle. 

At  Red  Lake  Falls  another  section  on  the  same  stream  was 
as  follows: 

20  feet  Dark  lead-colored  laminated  clay,  with  very  few 
pehbles.     [Lacustrine.] 

10  feet  slope  and  undetermined,  but  from  other  sections,  pre- 
sumed to  be  occupied  by  the  strata  above  and  below. 

8  feet  Yellow  loam  stratified,  in  places  passing  into  fine 
saiid.    Bottom  well  defined. 

7J  feet.     Typical  till,  light  bluish  gray. 

5j~S^  feet.  Stratum  of  boulders  above  and  laminated  pebbly 
loam  below. 

19  feet     Lighter,  looser  buff  till. 

4^5  feet.     Bouldery  slope. 

Level  of  Clearwater  below  the  rapids. 

The  upper  portion  of  this  is  doubtless  lacustrine,  and  per- 
haps none  is  strictly  stream  terrace. 
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Topographical  Notes. — In  the  basin  of  Red  lake  and  of  lake 
Agassiz  the  surface  is  very  level  and  largely  marshy.  Eleva- 
tions over  five  feet  above  the  general  level  are  rare,  with  the 
exception  of  the  beaches  and  moraines  already  noted. 

The  divide  between  the  Mississippi  and  the  Wild  Rice,  and 
Clearwater  rivers  is  similarly  even  and  marshy,  but  about  150 
feet  higher. 

Mr.  W.  J.  Hilligoss,  of  Fosston,  an  experienced  surveyor  and 
hunter,  called  my  attention  to  the  fact  that  the  general  level 
of  the  land  south  of  the  following  line  was  about  100  feet  high- 
■  er  than  the  general  level  of  the  plain  north  of  it.  The  line  he 
described  as  follows:  Beginning  on  the  west  slope  of  the  high- 
land a  little  south  of  the  Wild  Rice,  T.  144,  41,  it  goes  in  a 
sinuous  line  eastward  to  Schoolcraft  river,  and  thence  south- 
east towards  Leech  lake.  Where  I  crossed  it,  I  found  his  state- 
ment to  hold  good. 

The  existence  of  this  buried  escarpment,  if  «uch  it  be,  may 
explain  why  the  ice  lobe  from  the  east  pushed  over  the  divide 
between  the  Mississippi  and  the  rivers  northwest,  as  has  i>een 
stated,  so  as  to  form  its  moraine  on  the  slope  northward. 

Capt.  Mockman,  of  Jadis,  of  wide  and  intelligent  acgHaiut- 
ance  with  the  region,  informed  me  that  Lake  of  the  Woods  is 
several  feet  higher  than  Roseau  lake,  that  a  "muskeg"  or 
marsh  nearly  connects  them,  and  that  a  low  ridge,  not  over  200 
yards  wide,  is  all  that  hinders  the  water  running. 

He  also  stated  that  the  region  between  the  Roseau  and  Rat 
rivers  was    "mountainous,"   traversed  with  northwest-south- 
east ridges,  that  Pine  ridge  runs  northwest,  and  that  there  are 
bouldery  fiats  on  the  boundary  west  of  the  Roseau. 
J.  E.  TODD, 

Assistant  Geologist. 

Vermillion,  S.  D.,  Dec.  20,  1892. 
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FIELD  OBSERVATIOXS  OF  N.  H.  WINCHEU 
IN  1892. 


THE   HALE,   CI^TCINNATI   AND  BIWABIK   MINES. 

Field  observations  were  began  Marcli  5.  1832,  by  a  hurried 
trip  to  the  new  miaes  then  lately  opened  on  the  Mesabi  range 
in  sees.  1  and  2.  T.  58-16.  The  report  on  the  "Iron  Ores  of 
MinnesotEk"  (Bulletin  Vl)  had  but  lately  been  published,  and 
had  announced  some  of  the  early  discoveries,  bat  at  that  time 
none  of  the  remarkable  deposits  had  been  fonnd.  It  was  not 
long,  howevfr,  before  some  of  the  possibilities  which  that  re- 
port had  pointed  oat  for  the  Mesabi  range,  began  to  take  on  the 
appearance  of  actualities.  It  was  for  the  purpose  of  verifying 
some  of  these  later  discoveries  that  an  early  examination  was 
made.  At  that  time  the  HaJe,  the  Cincinnati,  the  Shaw  and  the 
Biwabik  mines  were  the  center  of  interest  and  expectation, 
while  further  west  the  "  Misabe  Mounttun"  location,  with  nu- 
merous promising  localities  intervening,  gave  strong  hope  that 
the  most  glowing  anticipations  would  be  realized. 

But  little  information  was  gained  by  this  first  visit  to  these 
mines,  beyond  the  verification  of  ideas  already  published  con- 
cerning the  general  geologic  relations.  At  the  Hale  mine  (S. 
W.i  sec.  1,  58-16),  the  most  easterly  of  the  new  group,  the  ore 
deposit  was  met  with  sometimes  within  two  feet  of  the  natural 
surface,  and  in  some  cases  the  turf  itself  grew  in  a  red  hema- 
titic  soil  which  resulted  immediately  from  the  disintegration  of 
the  ore.  In  other  places  the  ore  was.found  ten  or  twenty  feet 
from  the  surface.  This  mine  is  just  south  from  a  low  ridge  of 
greenstone,  about  ten  or  fifteen  rods  distant,  which,  at  a  little 


_.,..jglc 


80  TWENTY-FIBST  ANNUAL  REPORT 

farther  west,  is  replaced  by  granite.   The  ore,  and  the  changed 
rock  lies  unconformably.on  these  older  rocks. 

The  Cincinnati  mine  property  embraces  eight  "forties"  in 
the  central  part  of  section  2,  58-16.  At  this  mine  the  rock  which 
intervenes  between  the  ore  and  the  greenstone  is  a  rather 
loose  quartzyte,  which  somtimes  is  charged  with  ore  by  down- 
ward iiifiltration.  This  intervening  quartzyte  is  not  visible  at 
the  Hale  mine,  but  at  the  Cincinnati  mine  thi-ee  shafts  have 
penetrated  this  sand.  Overlying  the  ore  horizon  is  a  series  of 
slates,  so  called  "black  slates",  although  this  rock  is  some- 
times not  at  all  slaty,  but  rather  a  black  rock,  fine-grained,  in 
beds  from  four  to  twelve  inches  thick.  The  seven  shafts  which 
were  examined  on  the  Cincinnati  property  were  all  said  to  be 
in  ore  from  five  to  fifty  feet,  although  it  was  evident  that  this 
ore  was  not  all  of  first  class  grade.  These  were  all  on  the  N. 
E.  i  of  the  N.  W.  i  of  section  2. 

The  Biwabik  mine  adjoins  the  Cincinnati  toward  the  west, 
and  several  shafts  here  have  entered  ore  of  fine  quality.  Some, 
of  these  shafts,  which  have  been  sunk  by  the  simplest  methods,  . 
and  without  the  aid  of  steam  power,  have  entered  soft  ore  to 
the  depth  of  over  flf^  feet,  the  overlying  drift  accumulations 
being  from  ten  to  twenty  feet  thick.  IJnder  the  ore  here  also 
a  sandstone  has  been  encountered.  Toward  the  north  occurs 
the  greenstone  ridge  which  extends  continuously  from  the  Hale 
mine. 

To  reach  these  iron  locations  it  is  necessary  at  present  to 
travel  over  an  execrable  road  a  distance  of  twelve  miles  from 
the  Duluth  and  Iron  Range  railroad  at  Mesaba  station.  Over 
this  road  during  the  past  winter  much  freight  has  been  hauled, 
indeed  all  the  lumber,  supplies  and  all  the  personal  accoutre- 
ments of  the  men  here  employed,  as  well  as  of  those  at  Moun- 
tain Iron,  have  been  hauled,  at  great  expense,  by  horses,  from 
this  railroad  station.  This  has  caused  the  sudden  influx  of 
small  traders  and  the  establishment  at  the  station  of  many 
transient  fortune-seekers,  resulting  in  a  village  of  about  a  hun- 
dred temporary  shanties. 

MANGANESE  OXIDE  AT  MONTICELLO. 

Under  the  guidance  of  Mr.  J.  N.  Stacy  a  visit  was  made 
(April  21)  to  the  left  bank  of  the  Mississippi  river  at  one  mile 
above  the  village  of  Monticello.  Here  was  found  a  bluff,  about 
25  feet  high,  (the  usual  bluff  of  the  immediate  river  channel 
outside  of  the  flood  plain,)  consisting  of  some  strata  of  the 
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Cambrian,  tunch  hid  by  drift  sand  which  falls  from  the  top. 
The  strata  are  of  light  green  shale,  and  wKite  sandstbne,  the 
latter  containing  Lingula  in  considerable  numbers,  and  belong 
in  the  St.  Croix.  This  is  an  isolated  cut  by  the  river,  inas- 
much as  generally  the  river  bluff  consists  of  drift,  the  lowest 
seen  at  the  water  level  being  a  red  till,  oi-  of  fine  stratified  red 
clay.  In  the  overlying  gravel  is  much  manganese  stain.  This 
here  overlies  a  fine  red  brick  clay,  such  as  that  used  at  Monti- 
cello. 

On  the  west  bank  of  the  river,  on  sec.  32,  T.  122,  R.  25,  is  a 
considerable  stratum  of  black  manganese  oxide.  It  extends 
visibly  along  the  river  bluff  200  or  300  feet,  immediately  over- 
lying a'  pebley  blue  clay,  and  has  an  average  thickness  less 
than  twelve  inches.  Overlying  it  is  drift  gravel  and  sand. 
The  underlying  bine  clay  extends  indefinitely  westward,  and 
underlies  also  an  extensive  marsh  Id  sees.  31  and  33.  There  is 
a  suggestive  topographic  relation  between  this  bog  and  the 
lower  level  at  the  river  which  leads  to  the  supposition  that  this 
bog,  which  is  itself  affected  with  manganese  and  iron  oxides, 
has  its  underground  discharge  into  the  river  at  this  point. 
This  supposition  is  strengthened  by  the  existence  of  wad  in 
greater  or  less  amount  over  much  of  the  surface  of  the  marsh, 
mixed  with  greater  amounts  of  bog  iron  ore.  The  perpendic- 
ular section  at  the  marsh  .was  found  to  average  about  as  fol- 
lows: 

Peat 1—2*  feet. 

Bed  b(«  Iron 0—3    laches. 

Black  maogaDeseaad  bog  ore 0—2    feet. 

Analysis  made  of  the  black  deposit  near  the  bottom  gave  but 
little  manganese,  the  color  being  due  principally,  in  this  case, 
to  organic  matter.  Analysis  of  the  black  deposit  at  the  river 
bank,  which  first  attracted  attention,  was  given  in  the  last 
report  (p.  821),  and  Is  here  repeated: 

Sand  and  clay 4.98 

Carb.  lime 8.86 

Carb.  magnesia 86 

Oxide  of  IroD 51 

Black  oxide  ot  manganeBe 79.83 

Phosphorus 09 

Sulphur 01 

Water  of  hydration  and  organic  matter 6.87 

100.00 
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THE   MESABI  RANOB   ON   SEC.   27,   T.    60-13. 

This  is  one  mile  south  of  the  granite  ran^e.  The  land  here 
is  owned  by  the  Mesabi  Iron  company  and  exploration  is  being 
made  by  the  MeBabi  Syndicate  company,  under  the  manage- 
ment of  Capt.  Wicks.  Much  expense  has  been  incurred,  the 
effort  being  to  accomplish  a  thorough  examination  of  a  large 
tract  of  presumably  iron-bearing  lands.  Capt.  Wicks  furnished 
much  information,  and  guided  the  writer  to  several  poiats  of 
geological  interest.  He  gave  the  following  description  of  a 
driUholG  made  in  N.  W.  J  S.  W.  i  sec.  27,  60- 13,  one  mile  south 
of  the  granite.  It  is  illustrated  by  samples  of  the  rocks  passed 
through,  as  numbered: 

Diamond  drill  section,  made  on  N.  W.  J  S.  W.  J  section  27,  60-13. 

Drill  No.  5. 

1.  Drift 6  feet. 

2.  Black  aud  Kray,  flue,  banded  rock,  wlih  fine  Kralned  mague- 

tite.  the  latter  being  distributed  through  the  whole,  sud 
sometimes  la  beds  six  inches  or  ten  iaches  in  thickness. 
Survey  number  1628 16T  feet. 

3.  "Black  slates,"  a  rather  masetve  rock  to  be  named  slate, 

charged  with  magnetite.    Survey  No.  1829.    Closelj  allied 

to  the  last 70  feet. 

4.  Gray  quartzyte,  nearly  all  slHca,  but  sometimes  porous;  bas 

round  RecretionE  (or  concretions),  1630A,  shaped  like  the 
sponge  nindia,  about  i  to  i  incti  In  diameter.  Ttiese  are 
Id  c&vitles  somewhat  larger,  but  surrounded  by  a  loose 
siliceous  mesh  which  keeps  them  In  place.  This  rock  also 
has  some  Qon-bom<%enous  places— angular  and  rounded 
masses  appearing  cut  by  tbe  diamond  drill.  Survey  No. 
1630 SO  feet. 

6.  "  Ore."  This  is  a  siliceous,  floe  magnetite.  The  upper  part 
contains  some  of  No.  4,  and  the  lower  part  Is  softer,  and 
rather  less  in  iron.  This  lower  part  gave  do  core,  but 
washed  away  with  the  cuttings  through  tbe  drill  core, 
suggesting  that  it  may  have  been  soft  ore.  Capt.  Wicks 
thinks  18-20  feet  may  be  the  average  thickness  of  tbe 
ore  (1631) 24  feet. 

6.    Fine  grained,  plnklsh-cream  colored  quartzyte,  evidently 

granular,  though  very  One.    (1632) IT  feet. 

T.  Round,  "fragmental"  quartz  grains  cemented  In  a  matrix 
of  quartz.  The  lower  portion  of  this  stratum  Is  of  crystal- 
line quartz,  or  at  leastof  less  evidently  fragmental  grains 
Some  of  it  also  appears  like  chalcedonic  silica.  The 
crystalline  portions  present  faces  of  fracture  1-16  to  1-4 
Inch  across,  and  resemble  tbe  quartz  seen  at  Chub  lake. 
It  also  contains  pyrites  In  streaks  and  crystals.  The 
transition  downward  to  the  next  Is  gradual.     (1633) 15  feet. 
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8.  A  hard,  siliceous  Kreeolsb  rock,  which  coatalDS  mao^  frag- 
meat&l  grains  or  quartz  1-16  to  1-8  inches  across,  some  of 
tbem  of  a  lavender  blue  color.  While  the  mass  of  this  is 
quartz  it  la  colored  apparently  by  floe  debris  from  the 
earlier-  Keewatln  KreenBtouea  of  the  vfclnit;,  and  should 
be  considered  the  lower  portion  simply  of  No.  7.  It  also 
embraces  rounded  pieces  froiu  Tfo.  10,  and  evident  crystals 
of  feldspar.    (1634;  compare  1637  j 10  feef 

A.  The  lower  portion  of  TSo.  8  beoomes  coarse  and  Irretrular, 
lighter  colored,  with  pyrlte  or  chalcopyrlte,  resembling 
outwardly  a  coarse  graolle.    <1635) 1  foot. 

la  Granite.    (1636) '. entered      3(eet. 

l\)tal 321  feet. 


Additional  notes  on   the  foregoing  drill  section. 

A  nvunber  of  other  drills  also  have  been  made  in  the  same  re- 
gion, and  according  to  the  records  kept  by  Capt.  Wicks  the  fol- 
lowing data  were  obtained: 

I>rill  No.  1.  S.  E.  i  S.  E.  i  sec  29,  60- 13.  Drift,  8  ft. ;  black 
slates,  38  ft.  (No.  8  of  drill  No.  5,  above) ;  gray  quartzyt©, 
(taconyte  horizon),  12  ft.  (No.  4  of  drill  No.  5,  above;  ;  mixed 
ore,  (50  p.  c. ),  10  ft.  (No.  5,  of  drill  No.  5,  above) ;  pinkish 
quartzyte,  the  lower  portion  of  this  had  some  of  the  coarser, 
fragmental  quartz,  19  ft. ;  granite,  4  ft;  total,  91  ft. 

DrUl  No.  iH.  S.  E.  \,  N.  E.^,  sec.  28.  60-13.  Drift  7  ft.;  black 
slates,  52  ft. ;  gray  and  brown  quartz,  15  ft.;  dark  gray  qjaartz, 
9  ft.  (the  last  two  being  the  taconyte  horizon) ;  ore,  hard, 
mixed,  24  ft;  mixed  ore,  and  brown,  "soft  stuff,"  7  ft.  6  in.; 
soft,  green  rock,  mixed  with  quartz,  conglomeratic,  7  ft. ; 
granite,  4  ft.  3  in. ;  total,  125  ft  9  in. 

DrUl  No.  3.  Surface,  4  ft.  9  in.;  black  slates.  81  ft;  dark, 
gray  quartz,  12  ft.;  quartz,  and  a  little  ore,  4  ft.;  quartz,  with 
seams  of  ore,  4  ft.;  quartz  and  magnetite,  9  ft.  6  in.  (the  last 
four  being  the  taconyte  horizon) ;  soft  material  and  hard  ore,  9 
ft;  brown  (pinkish)  quartzyte,  32  ft;  white  quartz,  coarser,  8 
ft;  granite,  4  ft;  total.  168  ft 

IMU  No.  h-  S.  E.  1,  S.  E.  i,  sec.  29,  60-13.  Drift  and  boul- 
ders, 9  ft;  black  slates,  86  ft;  mixed  brown  and  gray  quartzyte, 
(on  the  horizon  of  No.  4,  of  driU  No.  5,  above),  no  ore,  17  ft. ; 
brown  quartzyte  and  ore  (six  feet  of  ore  in  the  core  interbedded 
with  the  quartzyte,  ore  beds,  4  or  5  inches),  9  ft.  6  in.;  hard 
ore,  14  ft  9  in.;  brown  roclt,  soft,  containing  ore  (30-40  p.  c),  2 
ft  9  in. ;  white  fragmental  quartzyte  (bottom  coarser),  10  ft ; 
granite,  2  ft. ;  total,  99  ft. 
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The  rock  oi  No.  6,  of  drill  No.  5  (the  pinkish,  fine  quartzyte), 
Mr.  Wicks  regards  as  complementary  of  the  ore.  Where  it  oc- 
curs he  finds  less  ore,  and  that  is  impure,  being  mixed  with 
this  rock,  and  where  none  of  this  quartzyte  is  found,  the  ore,  if 
found,  is  of  hif^h  grade  and'cleaD.  None  of  this  rock  is  found 
in  those  holes  where  he  has  found  the  better  ore.  Mr.  Wicks 
says  he  knows  of  this  pinkish  qnartzyte  in  sec.  14,  T.59-14,  in 
angular  pieces,  evidently  nearly  in  place;  also  in  sec.  32,  60-13, 
where  it  is  in  outcrop. 

The  greenish,  siliceous  rock,  No.  8  of  drill  No.  5,  above, 
{Sur.  No.  1634),  is  supposed  to  be  in  outcrop  in  N.  E.  i,  S.  W.  j 
sec.  22,  60-18,  where  a  sample  (1637)  was  procured  from  a  pit  20 
feet  deep.  This  is  a  greenish,  fragmental  rock  formed  by 
debris  from  the  adjoining  granite  and  greenstone  ridge  holding 
conspicuous  fragments  of  lavender-blue  quartz  supposed  to  be 
from  the  granite,  and  some  orthoclase  crystals,  the  latter  eaten 
into  by  some  agent,  and  showing  within  some  of  the  green  ele- 
ment which  composes  the  matrix,  and  which  apparently  cossti- 
tutes  the  most  of  the  rock.  Whether  there  be  in  this  rock  any 
volcanic  diffusive  debris,  of  a  basic  nature,  is  uncertain,  but  it 
appears  possible,  if  not  probable.  Sometimes  it  contains 
pyrite  and  galeuite.  The  general  aspect  is  green.  The  rock 
is  so  soft  that  it  cuts  like  semi  fibrous  chlorite.  In  other  places 
this  member  of  the  iron- bearing  Taconic  is  rather  a  quartzyte, 
with  green  chloritic  matter  disseminated,  the  quartz  grains  be- 
ing coarse  and  fragmental. 

The  rock  1681,  the  "ore"  of  the  foregoing  drill  section  No. 
5,  is  seen  fairly  at  No,  2  pit,  which  is  on  S,  E.  J  N.  W,  \,  sec 
tion  2S,  60-13,  where  it  embraces  not  only  much  hard,  siliceous 
ore,  but  much  coarser  and  some  even  conglomeratic  masses 
and  layers.  The  conglomerate  is  sometimes  distinctly  a  con- 
glomerate, and  sometimes  it  appears  like  a  cemented  breccia, 
the  matrix  being  "cfaalcedonic, "  or  chemically  deposited  silica, 
very  fine  and  flint-like,  or  hematite  and  silica.  Sometimes  the 
pebbles,  or  pieces  of  the  breccia,  are  largely  of  flinty  pieces  of 
such  silica  also.  In  some  of  this  are  found  the  round  sponge-like 
concretions  (1630A),  but  they  are  rather  in  the  more  distinctly 
fragmental  and  finer  layers,  above  the  ore  itself. 

The  rock  of  No.  8  of  the  section  No.  5  (1634,  also  represented 
by  No.  1637),  is  again  repeated  in  No.  1638,  in  an  extreme 
phase.  It  here  shows  so  much  coarse  and  rounded  quartz  that 
it  should  be  called  a  sandstone,  or  a  quartzyte.  The,  green 
element  supposed  to  have  resulted,   possibly,   from  volcanic 
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debris  of  the  time,  being  so  scant  as  to  merely  speck  the  broken 
surface,  or  to  appear  more  abundantly  in  blotches.  In  other 
specimens  the  sand  grains  are  nearly  wanting  and  the  resulting 
rock  is  green,  soft,  homogeneous,  rather  fine-grained,  and 
referable  to  a  volcanic  tuff,  being  another  extreme  condition  of 
the  rock  1634. 

No.  6  of  the  above  drill  section  (rock  1632)  is  also  represented 
by  rock  1640,  which  was  obtained  from  an  outcrop  in  N.  "W.  i 
N.  E.  i.  sec.  32,  60- 13.  It  is  a  pinkish  fine  quartzyte,  and  an 
interesting  rock,  both  on  account  of  its  character  and  its  associ- 
ations. It  weathers  usually  reddish  or  brownish.  It  appears 
pinkish  in  the  drill  cores,  and  on  deep  fresh  fracture  it  is  bluish 
and  grayish.  It  is  marked  by  the  plainest  sedimentary  bands, 
which  become  evident  when  the  rock  is  seen  on  a  large  scale. 
It  is  e^entially  a  quartzyte,  and  it  lies  below  the  iron  horizon, 
I.  e,,  the  so-called  iron  horizon  here,  and  is  overlain  also  by  a 
small  amount  of  non-fragmental  siliceous  rock,  a  chalcedonic 
rock  which  grades  off  into  the  dark  gray  and  irony  layer  above. 
This  fine  and  chalcedonic  belt  is  about  3  feet  thick,  but  it  is  not 
all  chalcedonic.  It  is  sometimes  made  up  of  coarser  and  "f  rag- 
mental"  quartz  grains.  No.  1640,  however,  is  in  a  sense  inter- 
mediate between  the  chalcedonic  and  the  fragmeutal.  It 
may  have  been  derived  by  chemical  precipitation  in  the  Taconic 
ocean,  for  it  is  very  fine-grained;  but  it  has  none  of  that  curly 
agate-like  banding  which  characterizes  the  "chalcedonic" 
agate-like  silica.  This  rock  runs  through  two  or  three  sections 
at  least,  and  affords  some  outcrops  in  a  series  of  bluffs  south  of 
the  outcropping  granite  range.  We  could  not  see  any  place 
where  it  lies  on  anything,  but  it  seems  to  come  close  to  the 
granite.  In  the  drill  it  was  found  to  overlie  some  of  the  coarser 
fragmental  quartzyte,  but  no  great  thickness  of  it.  The  most 
interesting  point  aboutthis  is  its  similarity  of  lithology  and  its 
probable  identity  of  stratigraphy  with  the  Wauswaugoning  and 
Pigeon  Point  quartzyte,  indicating  the  equivalence  of  the  Pee- 
wabic  quartzyte  with  the  Wauswaugoning. 

There  are  here  three  conditions  of  quartz,  each  one  making 
rock  masses: 

1.  Agate-like  and  banded,  so-called  chalcedonic  quartz,  very 
fine-grained,  non-fragmental. 

2.  Very  fine-grained,  bedded,  pinkish  or  brownish  quartz, 
partly  fragmental,  but  largely  a  chemical  oceanic  precipitate. 

3.  White,  coarse-grained,  fragmental  quartzyte,  mingled  not 
only  with  quartz  chemically  precipitated  but  with  green  (tu- 
faceous?)  materials. 

- — ->8lc 
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A  dike  of  igneous  rock. 

A  large  green  dike  runs  S.  W.  and  N.  E.  in  N.  W.  i  N.  E.  J 
section  32,  60-13.  and  seems  to  have  some  connection  with  an 
irregularity  detected  by  Mr.  Wicks  in  the  iron  formation,  indi- 
cating a  fault.  But  it  seems  to  play  no  such  roule  as  has  been 
described  respecting  the  dikes  cutting  the  iron-formation  on 
the  Gogebic  range.  It  appears  to  stand  about  vertical  but  its 
width  and  extent  lon^gitudinally  could  not  be  made  out.  It 
could  be  traced  about  10  rods.  This  is  the  first  dike  the  writer 
has  seen  on  the  Mesabi  range  cutting  the  iron-bearing  rocks. 

May  10.'  Returning  past  Mailman's  camp  {mentioned  in  Bul- 
letin No.  VI,  pp.  135  and  202),  an  examination  was  made  of  the 
new  working.  Nothing  new  was  developed.  No  more  merchant- 
able ore  has  been  discovered.  The  work  ceased,  but  is  being 
renewed  by  other  parties. 

It  seems  from  all  that  T  can  learn  of  the  ore-bearing  qualities 
of  the  eastern  part  of  the  Mesabi  range,  and  from  the  results 
attained  by  the  explorations  that  have  been  made  by  those 
owning  the  lands,  or  by  their  lessees,  who  certainly  should  be 
considered  to  be  the  best  qualified  to  develop  the  ore  deposits 
which  the  country  might  possess,  that  the  outlook  is  not  so 
favorable  for  ore  in  the  eastern  part  of  the  range,  at  least  in 
that  portion  eastward  from  Mesaba  Station  to  Birch  lake,  as  in 
the  western.  Th^  ore  is  more  likely  to  be  magnetic,  and,  while 
magnetism  itself  cannot  be  said  to  be  injurious,  the  ore  is  so 
closely  mixed  with  siliceous  impurities,  or  is  so  sparsely  inter- 
leaved with  the  rocks  of  the  formation;  that  it  is  not  found  to 
be  profitable  to  work  it.  It  is  very  likely  that  the  presence  of 
the  eruptive  rock  in  greater  nearness  to  the  ore-bearing  local- 
ities has  been  a  powerful  cause  in  rendering  the  ore  magnetic. 
The  same  agent  has  affected  the  associated^  rocks,  particularly 
the  quartzyte  underlying  the  ore. 

REPUBLIC,   MICHIOAN. 

In  about  an  hour  and  a  half  a  brief  examination  was  made  of 
the  Republic  mine.  It  is  endent  at  once  that  the  great  hill  of 
jasperoid  hematite  first  encountered  in  going  south  from  the 
depot  of  the  Duluth,  South  Shore  and  Atlantic  railroad,  is  in 
the  Keewatin.  It  duplicates  perfectly  the  hills  and  ridges  at 
Tower-  Granite  and  associated  rocks  extend  almost  all  the 
way  from  Humbolt,  where  some  hornblendic  rocks  appear. 
The  ore  is  micaceous,  standing  vertical,  and  is  interbeded  with 
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a  coarse  quartzyte.  This  last  fact  occurs  immediately  south- 
west from  the  old  working  shaft  which  is  on  the  lop  of  the  hill 
nearest  Humbolt.  This  coarse  qaartzyte  is  also  stained  green- 
ish by  some  mineral  (olivine  ?)  disseminated  through  it  which  is 
hard,  resembling  quartz,  but  apparently  distinct  from  the 
quarts.  In  this  quartzyte  is  also  hematite  in  glittering  mica- 
ceous scal&s  and  patches,  and  a  sparser  amount  of  light-green 
softer  sediment,  resembling  the  green  sediment  derived  from 
erosion  of  the  Keewatin.  This  quartzyte  extends  visibly  a 
couple  of  rods  and  has  a  width  of  5  or  6  feet.  It  acquires  a  gray 
color,  as  the  hematitic  ingredients  and  the  jaspilyte  gradually 
fade  Qut,  constituting  a  rock  which  is  then  indistinguishable 
.  from  some  of  the  siliceous  graywackes  of  the  Keewatin. 

Further  down  along  the  face  of  the  cliff,  near  the  base,  on 
the  southwest  side,  this  greissen  is  more  visible,  but  it  appears 
here  also  as  an  integral  part  of  the  Keewatin  formation,  and 
is  seen  to  blend  with  it  toward  the  southwest  both  slowly  and 
abruptly,  but  near  the  ore  toward  the  northeEtst  it  becomes 
coarse  and  conglomeritic  with  large  fragments  of  the  ore.* 

On  the  east  side  of  the  main  ridge  is  a  large  area  of  green- 
stone, but  the  rock  is  much  darker  and  harder,  and  more  evi- 
.  dently  eruptive,  than  most  of  the  Keewatin  greenstone.  In 
some  places  it  approaches  a  hornblende  schist,  and  in  others  it 
cuts,  as  if  eruptive,  through  the  sedimentary  rock  of  the  ridge. 

ISHPEMINO,  MICHIGAN,  WINTHROP  MINE. 

May  12,  1892.  At  the  Winthrop  mine,  which  is  in  the  hill 
range  south  of  town  in  which  is  also  the  Saginaw  mine,  the 
rock  and  ore  dip  north  about  45  degrees.  The  ore  is  hematite 
with  some  limonite,  and  is  semi-soft  and  porous.  Some  of  it  is 
siliceous,  and  appears  like  the  taconyte  of  the  Mesabi  range  in 
Minnesota.  I  judge  the  mine  is  in  the  Taconic.  Greenstone 
knobs  appear  to  the  north  and  northeast,  but  not  in  the  imme- 
diate vicinity  of  the  mine.  A  little  further  west,  however,  ap- 
pears a  range  of  greenstone  hills  which  would  strike  a  few 
rods  south  of  the  mine. 

The  Saginaw  mine. 

In  the  sixteenth  report  of  the  Minnesota  Survey  the  writer 

announced  for  the  first  sime  a  general  non-conformable  contact 

*  TbU  IH  more  latelr  referred  hj  Vui  Hlse  and  otber  taemberB  of  the  D.  8.  Ueol. 
Survey  to  an  OTerlflDgbaBul  conglom«rata  of  the  "Upper  HuronUn."  &  parallel  of  t be 
DOD- conformity  seen  at  the  Baglnatr  mine. 
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between  two  iron-bearing  members  ol  the  "Huronian"  in  the 
Michigan  iron  region,  and  illustrated  the  oon-conformity 
by  two  diagrams  sketched  on  the  spot,  one  at  Cascade,  soulii 
from  Negaunee,  and  one  at  the  Saginaw  mine  south  from  Isb- 
peming.*  This  examination  was  made  because  in  Minnesota 
such  a  non- conformity  had  been  discovered  between  two  iron- 
bearing  formations,  which  had  been  traced  a  distance  of  over  a 
hundred  miles.  It  was  thought  that  a  similarly  profound  non- 
conformity probably  existed  in  Michigan  and  Wisconsin.  With- 
out it  there  could  be  but  little  progress  made  in  any  attempt  at 
co-relation  between  the  rocks  on  the  opposite  sides  of  the  lake 
Superior  basin.  The  discovery  of  evidences  of  this  great.break 
in  the  iron-bearing  series  at  the  typical  localities  in  the  well- 
known  mining  region  of  Marquette  brought  about  a  general 
concordance  between  the  Archaean  and  Taconic  geology  of 
Minnesota  and  that  of  Michigan  and  Wisconsin,  and  at  once 
confirmed  the  grand  conclusions  which  had  been  reached  from 
a  field  study  of  the  same  rocks  in  Minnesota. 

Subsequently  Prof,  Van  Hise,  in  reviewing  the  "Apparently 
confiicting  views  of  lake  Superior  stratigraphy,"**  attempted 
to  show  that  not  only  had  tbis  non- conformity  been  seen  and 
recognized  by  several  other  geologists,  but  that  the  explanation  . 
given  by  the  writer  was  incorrect.  As  tbis  is  an  important 
point  as  to  the  correctness  and  priority  of  tbis  interpretation  it 
will  be  well  to  review  briefly  the  evidence  adduced  by  Prof.  Van 
Hise. 

fle  refers  to  Poster,  and  Foster  and  Whitney""*,  and  to  T.  B. 
Brookst,  C.  Romingerl,  M.  E.  Wadsworth§  and  R.  D.  Irvinggg. 

An  examination  of  this  literature  shows  the"  following  facts: 
Mr.  J.  W.  Poster  made  a  reconnoissance  under  the  direction  of 
Dr,  C.  T.  Jackson  in  Sept.,  1848,  of  "the  country  lying  between 
lake  Superior  and  Green  bay."    His  report  is  dated  Boston, 

•Sliieenth  Annual  Report  MinDCaota  Geologlcul  Hutvey,  pp  *a-»0,  for  tbe  year  ISW. 
SubmltMd  for  publlGntlon  Marcb  30,  IBSe. 

"  American  Journal  of  Bcleoce.  [a],  XLl,  117. 

•••Beporton  the  lulneraDandBOf  lake  Superior.  J.  W.FoeMr.  Ei,  Does..  IMg^,  Znd 
Berles,  SOtli  CougreBB.  vol.  II,  no.  i,  p.  lei.  Geology  of  tbe  lake  Superior  land  district.  J. 
W.  Foster  and  J.  D.  Whltoey.  Benute  Does  ,1861,  Epec.SeBs.  Stud  Cook., vol.  Ill,  do.  t,  pp 
!!3,  [221, 13.  and  BT. 

*  Iron-bearlnK  rocks  of  the  Upper  Peninsula  ot  Michigan.  Michigan  Geological 
Sarrej.  1S73,  vol.  II,  pp.  128-199,  133. 

t  Upper  PenlQBUlB  of  Michigan.    Uloli.  Geol.  Survey,  1881,  woL  Iv,  pp.  74-78. 

I  Notes  on  the  geology  of  tbe  Iron  and  copper  districts  of  lake  Superior.  Bull. 
MuH  Comp.  Zool-.ieSO.  vol.  vll,  pp.ao-ai, 

M  Preliminary  paper  on  an  Inveatlgatlon  of  tbe  Aroheau  formations  ot  (be  North- 
western stAles.    Fifth  Add.  Rept.  V   B.Oeot.  Survey.  18SS,  p.  193. 
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May  26,  1849.  On  p.  759*  he  states :  "We  explored  this  ridge 
OD  section  1,  township  46,  range  30,  and  found  that  it  is  com- 
posed for  the  most  part  of  nearly  pure  specular  ozide  of  iron 
(fer  oligist^).  It  shoots  up  in  a  perpendicular  cliff  one  hun- 
dred and  thirteen  feet  in  hight,  so  pure  that  it  is  difficult  to  de- 
termine its  mineral  associations. 

We  passed  along  the  base  of  this  clift  more  thaa  a  quarter  of 
a  mile,  seeking  for  some  gap  through  which  we  might  pass  and 
gain  the  summit.  At  length  after  much  toil,  and  by  clambering 
from  one  point  to  another,  we  succeeded.  Passing  along  the 
brow  of  the  cliff,  forty  feet,  the  mass  was  comparatively  pure; 
then  succeeded  a  bed  of  quartz  composed  of  rounded  grains, 
with  small  specks  of  iron  disseminated,  and  large  rounded 
masses  of  the  same  material  enclosed  constituting  a  conglome- 
rate. This  bed  was  fifteen  feet  in  thickness,  and  was  succeeded 
again  by  specular  iron,  exposed  in  places  to  the  width  of  one 
hundred  feet,  but  soil  aad  trees  prevented  our  determining  its 
width." 

The  place  here  described  is  about  one  mile  northwest  of  Re- 
public mountain,  and  undoubtedly  in  the  same  general  belt. 
.  There  is  here  no  evidence  that  Mr.  Poster  realized  the  signifi- 
cance of  this  conglomerate.  He  only  says,  regarding  it,  "con 
stituting  a  conglomerate,"  without  drawiug  any  inference.  In 
deed,  considering  the  grand  conclusion  which  Messrs.  !Poster 
and  Whitney  reached  concerning  the  divisibility  of  the  Azoic, 
it  would  hardly  be  a  fair  interpretation  to  suppose  that  he  here 
knew  he  was  at  the  horizon  of  the  most  profound  and  wide- 
spread non-conformity  known  in  the  region. 

The  first  reference  to  Foster  and  Whitney's  report  on  the  lake 
Superior  land  district,  (p.  23,  it  is  actually  on  p.  22, )  is  in  al- 
most the  same  terms  as  that  quoted  above,  and  is  evidently  the 
result  of  the  same  visit.  Its  most  important  variation  from  the 
original  of  Mr.  Poster  is  the  insertion  after  the  word  '  'conglom- 
erate," of  the  words  or  breccia,  thus  allowing  the  possible  hy- 
pothesis which  is  more  fully  brought  out  on  page  43. 


•  This  quotation  Is  from  tbst  omnium  gaOitrum  of  geological,  mlueralogiattl.  topo- 
graphlodl.  bsrometrlpal  and  botanical  reports  usuall;  known  as  Jadsaon'i  report,  bI- 
thoDgb  Id  tbe  Hame  oollMtion  Is  found  also  tbe  preliminary  report  of  Foster  and 
Whitney,  dated  Not.  0.  1840,  siring  lists  of  lands  wblch  they  reoommended  to  be 
reserved  for  mlneralB,  and  "Beporta  on  the  linear  aurveyH,«lth  reference  to  mines  and 
Talnerala  In  the  norlbem  penlnsala  of  Ulchlgao  In  the  years  IBU  and  13W,"  by 
William  A.  Burt,Bela  Hubbaid.  S.  W.  nigglns  and  others,  under  Dr.  Houghton's 
contract.  It  was  the  resuU  evidently  of  gluing  to  the  public  printer  all  the  reports 
aocutaalaled  since  lBt4  on  the  region  of  northern  Michigan,  without  editing,  and  the 
publication  of  the  same  without  any  attempt  to  give  tbem  any  logloal  or  ohronologl- 
oal  order. 
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The  second  reference  to  Foster  and  Whitney  (p.  43),  is  in 
the  following  terms:  "On  the  line  between  sections  29  and  32 
[T.  46,  ranges  26  and  27  ],  is  a  remarkable  knob  of  conglomerate, 
alike  interesting  from  the  fact  that  such  a  form  of  rock  is  of 
rare  occurrence  among  the  Azoic  series  of  this  district,  and 
from  its  intimate  connection  with  the  origin  of  the  masses  of 
iron  in  its  vicinity.  The  conglomerate  forms  here  an  isolated, 
rounded  elevation  rising  at  least  100  feet  above  the  general 
level.  It  is  .made  up  of  coarse  blocks  of  various  sorts  which  be- 
long to  the  neighboring  trappean  and  slaty  beds,  and  are  of 
very  considerable  dimensions.  Among  them  we  recognized  not 
only  fragments  of  the  rock  associated  with  the  iron,  but  masses 
of  the  iron  itself,  and  of  the  banded  and  jaspery  varieties. 
Most  of  the  fragments  of  this  remarkable  breccia  are  but 
slightly  rounded  and  worn  on  their  edges,  having  in  this  re 
spect  much  more  the  appearance  of  a  friction-conglomerate 
thsm  of  one  in  which  the  long  continued  action  of  wat«r  had 
played  a  part.  The  blocks  are  cemented  together  by  a  very 
hard  ferruginous  paste.  The  nature  of  the  surrounding  coun- 
try, covered  with  soil  and  forest  trees,  prevented  us  from  sat 
isfactorily  tracing  its  connection  with  the  adjoining  rocks. 
We  are  inclined,  however,  to  regard  it  as  connected  with  the 
eruption  of  thn  adjacent  granite,  and  rather  as  the  effect  of  the 
crushing  and  elevating  forces  which  such  an  elevation  must 
have  called  into  play.  If  this  is  the  case  it  may  be  considered 
as  analogous,  in  its  mode  of  formation,  to  the  conglomerates  of 
Keweenaw  point.  A  fact  worthy  of  notice  in  this  connection  is, 
that,  in  spite  of  the  heterogeneous  structure  of  the  mass,  it  ex- 
hibits a  distinct  tendency  to  separate  or  flake  oft  in  thick  con- 
centric layers  like  some  eruptive  granites. 

The  nature  of  the  fragments  composing  this  breccia,  and  of 
the  cement  by  which  they  are  united,  proves  conclusively  that 
the  process  of  formation  of  the  ores  of  iron,  and  the  impregna- 
tion of  the  slaty  rocks  with  metallic  matter,  must  have 
been  one  of  long  continuance  and  not  a  merely  momentary 
operation.  The  various  kinds  of  ore  must  have  been  in  exist- 
ence before  the  formation  of  this  mass,  but  they  were  subse- 
quently broken  off  and  mingled  together  in  confusion.  Eman- 
ations of  metallic  matter  must  still  have  been  issuing  from 
beneath,  since  we  find  the  whole  deposit  thoroughly  impregnated 
with  it,  and  converted  into  one  firmly  co'ierent  mass." 

The  significance  of  this  extract  needs  no  elucidation.  It  is 
only  necessary  to  call  attention  to  its  bearing  on  the  interpre- 
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tation  which  Prof.  Van  Hise  seems  iucllDed  to  give  it.  It  is 
plain  that  such  an  interpretation  would  have  been  repudiated 
at  once  by  the  gentlemen  ^-esponsible  for  the  words  quoted.  It 
was  presumed  by  them  that  they  saw  a  breccia  due  to  upheaval 
and  crushing  Instead  of  a  conglomerate  marking  a  wide-spread 
non-conformity  in  the  "Azoic." 

The  third  reference  to  Foster  and  Whitney  (p.  87),  shows  the 
following: 

"The  Azoic  period  having  been  one  of  longcoatinued  and 
violent  mechanical  action  there  is  no  reason  to  doubt  that  many 
of  the  strata  of  which  it  is  composed  may  have  been  derived 
from  the  ruins  of  previously  formed  rocks  of  the  same  age, 
both  sedimentary  and  igneous.  This  is  clearly  shown  to  be  the 
case  in  the  remarkable  knob  of  conglomerate  described  oq  page 
43  [quoted  above],  which  contains  rounded  fragments  of  the 
various  kinds  of  ore  found  in  the  adjacent  region." 

This  description  refers  to  the  same  occurrence  as  that  last 
noted,  and  simply  repeats  the  supposed  effect  of  local  disturb- 
ances and  destmctioD  of  some  of  the  earlier  formed  rocks  oE 
the  same  age.  It  would  be  very  far  from  the  truth  to  suppose 
that  Messrs.  Foster  and  Whitney  here  suggested  a  possible 
plane  of  separation  between  two  parts  of  the  Azoic,  for  it  was 
one  of  their  final  conclusions  that  the  Azoic  could  not  be  subdi- 
vided on  any  chronological  or  petrographical  basis  into  recog- 
nizable and  widespread  members. 

The  first  reference  to  T.  B.  Brooks  (in  vol.  i.  instead  of  vol. 
ii)  shows  the  following:     • 

"The  upper  quartzyte  at  Republic  mountain  is  a  gray  mas- 
sive rock,  sometimes  banded,  and,  near  the  contact  with  the 
iron,  sometimes  conglomeritic.  containing  large  and  small 
flattened  fragments  of  flaggy  ore-" 

The  second  statement  of  Brooks  referred  to  is : 

"Overlying  the  ore  formation  here  [Saginaw  and  New  Eng- 
land mines],  is  the  upper  quartzyte,  XIV,  dipping  at  a  low 
angle  to  the  north,  as  may  be  seen  just  north  of  the  Parsons 
mine.  This  quartzyte  again  comes  to  the  surface  about  half  a 
mile  north,  in  a  flat  synclinal  where  it  again  dips  north  and  does 
not  rise  until  we  reach  the  new  Excelsior  mine,  owned  by  the 
Iron  Cliff  Co.,  which  is  shown  on  the  section. 

"Returning  to  the  New  England  mine  we  find  between  the 
ore  Xn,  and  the  quartzyte  XIV,  a  mass  of  specular  conglom- 
erate, somewhat  similar  to  that  described  as  existing  at  the 
Republic  mountain,  where  it  was  regarded  as  belonging  to  the 
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ore  formation.  The  fact  that  it  overlies  the  piire  ore  at  this 
locality,  and  has  lithological  atBnities  with  some  of  the  con- 
glomeritic  varieties  of  the  upper  quartzyte,  leads  me  to  doubt 
in  which  formation  it  should  be  included.  I  incline  to  the  view 
that  belongs  to  XIV." 

There  is  no  indication  in  this  that  Mr.  Brooks  thought  he 
here  was  at  a  separation  plane  of  great  importance.  Indeed 
his  doubt  as  to  whether  the  conglomerate  belonged  with  the  ore 
or  with  the  quartzyte  shows  that  it  was  not  a  question,  in  his 
mind,  of  moment.  The  word  "formation"  here  was  simply  the 
general  word  used  to  designate  one  of  the  twenty  parts  into 
which  the  Huronian  was  divided  by  him. 

The  reference  to  Dr.  Rominger's  report  shows  that  he  like- 
wise encountered  this  "brecciated"  condition  of  the  basal  por- 
tion of  the  quartzyte,  and  also  that  he  comes  nearest  of  any 
writer,  up  to  that  date,  in  comprehending  its  import 

"A  very  rich  seam  of  ore  is  almost  invariably  found  on  top 
of  this  jasper-banded  rock-series,  immediately  beneath  the 
quartzytes  which  form  the  terminal  strata  in  all  these  ex- 
posures. This  upper  ore  belt  is  almost  regularly  brecciated 
in  its  upper  part,  and  the  same  is  trae  of  the  lower  quartzyte 
beds,  which  often  are  a  mixture  of  ore-fragments  with  quartzyte 
pieces  held  together  by  an  arenaceous  cement.  Aa  this  is  the 
case  in  nearly  all  the  mines  of  the  district,  we  mxiat  suggest  that  dis- 
turbances of  not  only  [i.  e.  not  merely]  a  local  extent  must  have  oc- 
curred at  the  end  of  (his  era  of  iron  sediments." 

It  is  evident,  however,  not  ajone  from  the  above  statement, 
but  from  many  references  to  the  probable  cause  of  these  irregu- 
larities which  are  scattered  through  Dr.  Rominger's  report, 
that  he  entertained  a  view  similar  to  that  of  Messrs.  Poster  and 
Whitney.  Eruptive  action  of  igneous  rocks,  in  his  opinion,  was 
solely  responsible  for  these  breccias  and  plications.  So  far 
was  he  from  making  a  profound  stratlgraphic  separation  of  the 
rocks  of  the  Marquette  district  at  the  base  of  this  conglomerate, 
as  one  might  suppose  from  the  fact  that  he  is  quoted  by  Prof. 
Van  Hise,  he  entirely  ignored  it,  and  extended  his  iron  group 
upward  so  as  to  include  it,  thus  separating  it  wholly  from  the 
quartzyte  with  which  it  belongs  and  of  which  it  presents  simply 
the  initial  phase.  It  was  after  the  writer  had  discovered  such 
phenomena  as  proved  the  duplicate  nature  of  the  iron-ore 
formation  in  Minnesota  that  he  studied  carefully  the  report  of 
Dr.  Rominger,  and  he  referred  to  his  (Rominger's)  report  to 
call  attention  to  facts  in  the  Marquette  district  which,  when 
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properly  interpreted,  bore  out  his  geixeral  intefpretation  of  the 
rocks  of  the  lake  Superior  basin,  and  showed  that  there  also 
there  were  two  non-conformable  iron-bearing  formations,  and 
that  there  were  two  irim  horvuma  insUad  of  one,  and  that  thfey 
coald  be  stratigraphically  distinguished  if  time  should  be 
given,  by  a  competent  geologist,  to  work  it  out*. 

Prof-  Van  Hiae's  quotation  from  Dr.  Wadsworth  is  as  follows: 

"These  [i.  e.  quartzytes  and  coarse  fragmentals]  of  course 
mark  old  beaches  water-worn  after  the  jasper  and  ore  were 
in  situ  in  nearly  their  present  condition,  and,  if  the  logic  of  the 
geologists  of  the  Michigan  and  Wisconsin  surveys  were  carried 
out,  these  unconformable  detrital  formations  would  mark  a  new 
geological  age." 

When  it  is  remembered  that  the  chief  result  of  Dr.  Wads- 
worth's  effort  was  to  prove  the  jaspilyte  had  an  eruptive  origin, 
and  thus  to  controvert  the  "logic"  of  the  Michigan  and  Wiscon- 
sin geologists,  and  that  he  attributes  such  appearances  to  the 
intrusion  of  the  ore  and  jasper  (jaspilyte)  through  the  sur- 
rounding rocks,  and  the  later  protrusion  of  the  granite  {i.  e. 
the  greisen  or  modified  quartzyte  as  at  Republic  Mountain) 
Qirough  the  jaspilyte  and  earlier  rocks,  no  one  should  have  the 
hardihood  to  quote  him  as  authority  for  the  structural  break 
that  is  here  considered.  That  he  saw,  as  others  did,  the  rocks 
exhibiting  these  structures,  is  of  no  import  so  long  as  he  did 
not  assign  the  structures  to  their  proper  cause.  Again,  the 
writer  has  never,  as  yet,  encountered  a  statement  of  the  "logic'* 
to  which  Dr.  Wadsworth  refers,  applied  to  this  horizon  in  the 
iron  regions  of  Michigan  and  Wisconsin,  prior  to  the  date  of 
Wadsworth's  paper.  Logic  of  that  kind  applied  to  this  impor- 
tant horizon  would  have  constituted  one  of  the  brightest  spots  in 
the  able  reports  of  the  geologists  of  Wisconsin  and  Michigan, 
and  would  ere  this  have  attracted  much  attention. 

As  to  Prof.  Irving,  Prof.  Van  Hise  makes  the  following  re- 
markable statement: 

"The  real  significance  of  the  break  was  recognized  by  Prpf. 
Irving,  who  not  only  found  it  in  the  Marquette  district  but 
knew  of  its  equivalent  in  the  Vermilion  lake  district  of 
Minnesota." 

For  authority  for  this  statement  he  quotes  the  following 
from  Prof.  Irving's  paper  on  a  "Preliminary  investigation  of 

■Oeol.  and  Nat.  Hist.  BurTeyOt  Hlan    ITtb  antiu&l  report,  for  tbe  year  1886.  pp,  43-U 
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the  Archean  fonnatlODs  of  the  Northwestern  States,"  in  the 
Fifth  Annual  Report  of  'the  United  States  Geological  Survey, 
published  in  1885,  p.  193. 

"I  refer  to  the  occurrence  in  the  quartzytes  overlying  the 
ores,  at  several  of  the  Marquette  mines,  of  abundant  rounded 
fragments  derived  from  the  ore  below.  A  very  much  more  strik- 
ing occurrence  of  this  kind  is  met  with  in  the  Vermilion  lake 
district  of  Minnesota  where  the  fragments  included  in  the  con- 
glomerate overlyiDg  the  iron  belt  are  often  several  feet  in  length 
and  angular.  That  these  fragments  prove  the  existence  of  the 
jaspery  and  chalcedonic  material  in  its  present  condition  before 
the  formation  of  the  quartzyte  is  sufficiently  evident." 

Far  be  it  from  the  writer  to  attempt  to  detract  from  the 
biilliant  halo  that  surrounds  justly  the  name  of  Irving.  Far 
be  it  also  from  the  writer  to  put  words  and  sentiments  upon 
his  pen  which  do  not  belong  there.  Justice  is  keen-eyed,  and 
will  allow  no  more  favors  to  a  deceased  geologist  than  she 
would  to  him  when  living.  That  is  all  that  Prof.  Irving  would 
ask  of  his  successors,  and  that  is  no  less  than  his  successors 
are  bound  to  yield  to  his  work.  It  is  found  sometimes  that  it 
is  an  injustice  to  attribute  opinions  to  a  geologist  which  he 
does  not  entertain,  and  which  he  may  never  have  expressed. 
It  appears  to  the  writer  that  Prof,  Van  Hise  is  liable  to  a 
charge  of  such  injustice  toward  Irving,  not  to  mention  others. 

There  is  a  speciousness  in  the  manner  of  presenting  Prof. 
Irving's  statement  which  can  only  be  made  apparent  by  a 
slight  consideration  of  the  subject.  It  will  be  found,  on  con- 
sulting the  fifth  report  of  the  U.  S.  Geological  Survey,  page 
193,  and  some  [of  his  later  papers,  that  three  very  important 
facts  are  suppressed  by  Prof.  Van  Hise.  which  bear  directly  on 
the  understanding  that  should  be  entertained  of  Prof.  Irving's 
statement,  viz. : 

1.  Irving  does  not  give  the  facts  on  his  own  authority,  but 
on  the  authority  of  Dr.  Wadsworth.     He  says  ; 

"Wadsworth  has  drawn  attention  to  a  very  interesting  oc- 
currence at  numbers  of  points  in  the  Marquette  region,  and  has 
made  use  of  it  to  sustain  his  theory  of  the  eruptive  origin  of  the 
jaspery  ores.  I  refer  to  the  occurrence  in  the  quartzyte"  etc., 
as  quoted  above. 

2.  Irving  is  not  discussing  the  stratigraphy  in  this  connec- 
tion, nor  any  question  connected  with  the  stratigraphy  of  the 
rocks  of  the  region,  but  the  origin  of  the  cherts  and  the  ores. 
His  desire  is  to  bring  out  the  fact,  which  is  a  very  important 
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one,  that  the  ore  was  completed  in  its  construction  and  composition 
during  the  time  of  the  formation  in  which  it  is  found,  and  that, 
inferentiallf,  there  has  been  no  progressive  accumulation  or 
concentration  of  the  o^es,  at  least  on  a  ^and  scale,  in  subse' 
quent  time. 

3.  .  Prof.  Irving  did  not  look  upon  this  as  a  break,  or  non- 
conformity  in  the  stratification,  either  at  this  time  or  subse- 
quently. This  is  evident  from  the  fact  that  he  puts  into  his 
upper,  or  "iron  bearing  member"  all  the  strata  here  concerned, 
viz. ,  the  quartzyte,  the  conglomerate,  the  iron  ore  and  the  green 
schist.  His  plane  of  separation  was  largely  a  theoretical  one, 
derived  from  a  consideration  of  the  difference  in  crystalline 
condition  manifested  by  the  two  ends  of  the  series.  The  upper 
one  he  found  to  be  evidently  clastic,  and  but  little  crystalline, 
the  lower  he  found  wholly  crystalline.  The  separation  was  by 
him  put  between  these  distinctions,  and  he  placed  it  theoreti- 
cally.above  the  crystalline  schists  and  the  Laurentian.  In  no 
place  does  he  refer  to  this  plane  of  non-conformity  with  the 
proper  understanding  of  it.  He  refers  to  the  contact  of  the 
"quartztye"  upon  the  Laurentian,  but  he  then,  in  all  cases  sup- 
poses he  is  GonBidering  a  quartzyte  -underlying  all  the  ore,  and 
(if  he  mentions  it)  also  the  green  schists.  His  plane  of  non- 
conformity would  apparently  be  that  which  Dr.  Wadsworth  has 
more  lately  reported  to  occur  between  his  Cascade  and  Republic 
formations,  where  he  describes  a  conglomerate  like  that  which 
exists  at  the  plane  under  consideration.  *  This  lower  break  also 
has  been  noted  by  Van  Hise  in  the  same  paper  here  criticised 
p.  117).  It  is  a  curious  fact,  however,  that  while  Irving  theo- 
retically referred  to  this  lower  break,  all  his  cited  examples 
belong  to  the  upper,  and  that  he  failed  to  give  significance  to 
it  at  the  horizon  to  which  his  examples  pertain.  Of  this  error 
Dr.  Wadsworth  has  said: 

"While  Irving  was  correct  [though  at  a  later  date  than  the 
writing  of  this  paper  quoted  by  Prof.  Van  Hise — N.  H.  W.]  in 
the  oli^ervatioh  of  the  conglomerates,  he  was  wrong  in  his 
views  of  their  position  in  the  geological  column,  and  thus 
actually  overturned  the  series,  This  mistake  of  Irving's  exer- 
cised a  powerful  influence  upon  his  work  and  upon  his  views 
concerning  the  origin  of  the  iron  ores  and  the  jaspilyte. 

"  It  is  very  unfortunate  and  confusing  in  the  history  of  geo- 
logical opinion  concerning  these  basement  conglomerates,  that 
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Van  Hise  has  overlooked  this  mistake  of  Irving's,  and  speaks 
as  if  Irving  had  the  same  views  as  himself,  i.  e.  that  the  coii< 
glomerates  overlie  the  lower  series  of  iron-bearing  rocks,  when 
Irving  clearly  and  distinctly  held  that  these  conglomerates 
were  at  the  base  of  all  the  iron-bearing  rocks."  Op.  cit.,p.  114. 

It  is  plain,  therefore,  that  Prof .  Irving  did  not  "recognize  the 
significance  of  this  break,"  as  claimed  by  Prof.  Van  Hise.  It 
is  also  plain  that  no  one  uaderstood  it  prior  to  the  interpreta- 
tion put  on  it  by  the  writer  in  the  16th  annual  report  of  the 
Minnesota  survey,  pp.  43-47,  1887.  Instead  of  admitting  this 
priority,  Prof.  Van  Hise  diverts  the  reader  by  inconsequential 
criticisms  of  some  of  the  details  of  the  illustration  accompany- 
ing the  description. 

It  is  not  necessary  here  to  enter  into  the  question  of  the  ex- 
istence, or  not,  of  such  a  break  in  the  Vermilion  lake  district. 
It  is  only  necessary  to  repeat  that  in  Prof.  Irving's  reference 
to  that  region,  in  this  connection,  he  does  not  intimate '  that 
there  is  any  such  break.  He  only  refers  to  evidence  which  he 
had  seen  there  that  shows  the  iron  ore  was  fully  formed  prior 
to  a  fracturing  which  it  suffered.  The  large  pieces  "several 
feet  in  diameter"  evidently  were  parts  of  a  remarkable  breccia 
which  has  since  been  examined  in  the  region  north  of  Soudan. 
Mo  data  were  given  by  Irving  to  show  where  his  observation 
was  made,  but  as  the  members  of  the  Minnesota  survey  have 
not  been  able  to  find  any  conglomerate  holding  such  pieces,  but 
only  coarse  breccias  (reibungs  breccias)  which  could  not  at  all 
answer  to  the  brief  description  given  by  Irving,  it  is  sufficient  to 
say  that  probably  the  feature  seen  by  him  at  Towey,  should  not 
be  considered  as  pertaining  to  the  horizon  of  the  conglomerate 
now  known  at  Marquette.  < 


Ion  N.  and  S.,  at  the  »estern  opening  of  the  Sogla&ir  mine.   ' 

,  ,„,,    ,Coo»^lc 


STATE   GEOLOGIST.  97 

The  re-examinatiou  of  the  Saginaw  mine  resulted  (in  May, 
1^92)  in  no  material  correction  of  the  views  presented  in  the 
16th  Minnesota  report  already  referred  to.  At  the  western 
opening,  which  is  nearest  the  Goodrich  mine,  the  stratigraphic 
relations  were  sketched  carefally,  as  shown  in  the  figure  oppo- 
site (Pig.  1). 

At  this  pit  the  later  iron-bearing  strata  lie  non-conformafoly 
upon  the  older.  The  jaspilyte  is  seen  to  fade  out  into  the  green 
schist.  The  overly- 
ing conglomerate  is 
coarse  with  water- 
worn  quartz  and  jas- 
pilyte pebbles,  and 
with  much  iron.     It  '.'■!''*; 

is  simply  the  basal  J  '■,-■  V 

conglomerate  of  the  '*'<,'/ 

Taconic  affected  by  ;;*/ 

proximity  to  the  jas-  ^' 

pilyte  beds  of  the 
Keewatln.  The  slop- 
ing shafts  are  run 
mainly  in  the  green- 
stone, below  the  con- 
glomerate, but  the 
ore  worked  is  asso 
ciated  with  the  Ta- 
-conic  conglomerate. 
The  exact  contact  of 
the  conglomerate  on 
the  greenstone  is  in- 
distinct, as  it  is  o{t«n 
on  granite,  but  the 
■dip,  stiTicture  and 
lithology  change 
within  the  space  of 
six  or  twelve  inches. 
The  fragmental  iron 
here  worked  was  in 
the  Taconic,  very 
different  from  that 
at  Republic,  though 
the  ore  from  the  two 
is    essentially    the 

same.       The  eastern   Fro,S.-SecUoQN.  andS.,uttheBaal 


"^'.raglc 


98  TWENTY-FIRST  ANNUAL   REPORT 

opeQiDg  of  the  Saginaw  mine  is  that  examined  and  figured  by 
the  writer  in  the  Sixteenth  Minnesota  report.  Here  the  con- 
glomerate lies  also  non-conformable  on  the  Keewatin,  and  the 
latter  consists  partly  of  greenstone  'and  partly  of  a  poor  hema- 
tite— an  ore  that  is  siliceous  and  grayish,  rarely  banded  like 
the  jaspilyte  of  the  formation — yet  distinctly  Keewatin,  al- 
though hardly  an  ore  of  any  merchantable  quality.  At  tbia 
particular  point  there  is  an  inclination  northward  in  the  Kee- 
watin jaspilyte,  and  that  is  the  ore  formation  represented  in 
the  figure  in  the  sixteenth  report  as  unconformably  under  the 
conglomerate.  The  two  approximate  the  same  dip,  though 
they  do  not  have  the  same.  The  figure  is  here  repeated.  It 
needs  no  correction  (Fig.  2). 

It  is  apparent  that  the  criticism  of  Prof.  Van  Hise  is  wholly 
gratuitous  and  misapplied.  These  figures  are  produced  from 
sketches  at  the  Saginaw  mine,  while  he  assigns  them  (at  least 
the  latter)  to  the  Goodrich  mine,  of  which  he  gives  a  diagram*. 

At  the  Goodrich  mine  the  following  diagram  was  drawn, 
which  is  quite  different  from  that  shown  by  Prof.  Van  Hise, 
from  the  same  mine.  This  was  made  at  a  point  some  distance 
east  of  the  large  open  pit,'  and  on  higher  ground.  It  is  evident 
that  the  direction  of  structure  in  the  jaspilyte  btuids  is  contin- 
ually changing,  and  that  it  is  a  character  of  no  importance, 
whether  they  are  nearly  parallel  or  nearly  perpendicular  U> 
the  bedding  of  the  conglomerate.  The  jaspilyte  here  is  nearly 
perpendicular,  twisted,  but  in  the  main  running  about  east  and 


Fia.  3.-Seolloii  at  the  Goodrich  ic 


west.  On  the  very  summit  of  this  ridge  Is  a  bared  spot  which 
fortunately  shows  the  exact  contact  of  the  conglomerate, 
mostly  made  up  of  fragments  from  the  jaspilyte,  upon  the  jas- 
pilyte itself.    This  line  of  contact  is  traceable,  on  the  top  of 
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the  knob,  for  a  distance  of  25  feet.  This  is  along  the  south 
side  of  the  main  pit,  but  north  of  another  pit  and  deep  working 
which  has  really  been  done  In  the  Keewatin.  Here,  then,  we 
have  both  formations  iron-bearing  and  both  considerably 
wrought.  The  shaft  and  working  in  the  bECSe  of  the  Taconic 
slopes  north  about  coincident  with  the  dip  of  the  conglonLerate, 
and  is  quite  regular,  compared  with  the  crooked  shaft  and  un- 
derground working  in  the  Keewatin  which  resembles  the  early 
Breitung  mine  at  Tower.  The  ore  from  the  conglomerate  is 
hard  and  specular,  and,  as  ore,  is  good,  but  it  embraces  pebbles 
of  quartz  and,  jasper,  and  is  too  poor  for  that  reason.  Still 
there  is  no  doubt  that  much  good  ore  was  taken  out  here  both 
from  the  Keewatin  and  from  the  Taconic. 

This  conglomerate  becomes  a  well  characterized  white  or 
reddish  f  ragmental  quartzy  te  at  points  remote  from  the  outcrops 
of  the  Keewatin  hematite.  These  observations  are  very  im- 
portant, and  show,  as  I  have  before  contended,  that  there  are 
two  non-conformable  iron  formations  even  in  the  original  Mar- 
quette region.  The  Taconid  ore  here  is  wholly  of  fragmental 
secondary  origin,  i.  e.,  it  is  derived  bodily,  in  form  of  detritus, 
from  the  underlying  Keewatin,  and  there  is  no  possibility  of 
applying  to  it  any  substitution  hypothesis  to  account  for  its 
origin  here.  The  soft  ore  horizon  of  the  Gogebic  aud  Mesabl 
ranges  >s  entirely  above  this  conglomerate. 


.THE   POTSDAU  SANDSTONE  AT   POTSDAM.  N.  Y. 

An  excursion  was  made,  in  company  wfth  Dr.  U.  S.  Grant 
and  Mr.  Charles  Schuchert,  into  the  region  of  the  northern 
slopes  of  the  Adirondacks.  It  is  a  singular  fact  that  this 
region,  in  which  centers  Lhe  discussion  of  one  of  the  perplex- 
ing problems  of  Paleozoic  geology  in  the  United  States,  has 
been  substantially  unexamined  since  the  early  work  of  Em- 
mons and  Mather,  and  that  the  uncertainty  as  to  the  age  of  the 
true  Potsdam  sandstone  has  rather  increased  as  time  has 
passed.  This  has  resulted  from  the  error  which  was  made  by 
all  the  early  geologists  who  dealt  with  the  "Potsdam  sand- 
stone," in  applying  that  term  to  sandstones  which,  strati- 
graphically,  are  widely  separated  from  each  other,  and  to  the 
difficulty  of  determining  to  which  of  these  horizons  the  true 
Potsdam  belongs.    It  was  hoped  that  an  examination  at  a  few 
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points  would  tend  to  solve  the  uncertainty*.  The  foUowinfr 
notes  were  made. 

Approaching  the  region  from  the  northwest  it  was  noticed 
that  the  countiry  between  Pembroke  and  Carlton  Junction 
(Canada),  as  weU  as  much  of  that  south  to  Brockville.  has 
been  long  submerged.  The  surface  consists  of  a  fine  lamina- 
ted, gray  clay,  sometimes  seen  15  feet  thick,  without  boulders 
or  stones,  and  makes  Sue  farms. 

Sandstone.  At  Brockville  is  a  hard,  nearly  white  quartzyte. 
The  same  rock  appears  in  islands  in  the  St.  Lawrence  river, 
and  along  the  shore  at  Morrtstown,  where  it  is  used,  at  the 
docks,  for  crib-filling.  At  the  last  place  it  is  partially  red,  or 
reddish,  bedded,  weathering,  at  the  river  bank,  into  layers 
from  two  to  four  inches  thick.  Prom  four  to  six  feet  in  a  per- 
pendicular section  are  exposed  at  the  dock.  Between  Morris- 
town  and  Philadelphia  this  rock  is  seen  much  of  the  way.  It 
is  considerably  quarried  at  several  places,  rising  into  hills  and 
ridges  from  20  to  50  feet  high.  Erosion  gorges  are  cut  in  it  to 
some  extent,  and  these  hills  and  ridges  are  the  remnants  left  by 
such  erosion.  It  appears  to  underlie  some  of  the  flat  areas,  but  a 
few  inches  or  feet  below  the  surface,  in  a  nearly  horizontal  po- 
sition, and  in  other  places  it  is  tilted  in  one  direction  or  the 
other,  forming  undulations.  When  broken,  as  in  frequent 
anticlines,  the  strike  is  boldly  presented.  In  the  railroad 
grade  cuts  this  rock  is  angular,  sharp,  rigid,  much  jointed. 
Along  with  these  quartzyte  exposures  are  also  ridges  of  gran- 
ite, especially  toward  Morrisbown.  Indeed  the  road  seems  to 
cut  through  a  granite  area  for  many  miles  soon  after  .leaving 
that  town.  The  granite  is  reddish,  both  coarse  and  fine,  and 
from  the  train  could  not,  in  some  cases,  be  distinguished  from 


*  Siaoe  thts  visit,  wbloh  wai  m&de  In  Hay.  1301.  two  geologlHts  of  New  York  liave 
mode  ex&mlniitlonH  Id  sofae  at  the  Dortburn  portions  of  Iho  Adlrondooks.  and  their 
prellmlaarr  reports  are  published  Id  the  TrausaotloDS  ot  the  Neir  York  Aoademy  of 
SoienceB,  Vol.  XII,  1893,  "  A  Geological  Reconnolaaaoce  In  the  vicinity  of  Qouver- 
□eur.  M.  y."  O.  H,  Stcrrs.  JR.:  "A  review  of  work  hitherto  done  on  the  Oeology  of 
the  AdlroDdacks."  J,  F.  Kshp.  The  latter  gives  a,  SDmm&ry  of  the  soaut  llteratu  re 
perlalnlDg  to  tbli  region  prior  lo  IKR.  thus  coDoludlug:  "Id  summing  up  the  geology 
of  the  AdlroDdacks  It  may  bo  stated  thai  the  following  views  relative  lo  the  strati- 
graphy of  the  crystalline  rocks  have  been  held: 

I,  It  has  been  usually  believed  that  the  gnelsBes  are  the  oldest  aad  are  metamor- 
phoaed  aedlinents;  that  the  norytea  are  loler,  some  regarding  them  as  Igneous  and 
oUiers  as  metamorphoBQd  sediments;  that  the  limestones  are  latest  of  all. 

If  this  be  admitted  and  thH  norytea  be  regarded  as  Igneous  Intraslons,  how  is  It 
that  no  dykes  or  apophyses  have  been  mentioned  as  radiating  or  offsetting  from  this 
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the  red  quartzyte.  A  conspicaous  hill  range,  rising  two  hnn- 
dred  feet,  more  or  less,  extends  for  many  miles  parallel  with 
the  railroad,  southwardly,  beginning  a  few  miles  from  Morris- 
town.  Its  form  and  persistence,  and  its  rather  uniform  hight, 
seeoa  to  indicate  that  it  marks  the  strike  of  some  of  the  quartz- 
yte,  although  by  the  railroad  the  only  rock  seen  was  granite. 

At  Philadelphia  the  underlying  rock  is  granite.  It  is  ex- 
posed at  nmnerous  places  in  the  village,  and  especially  along 
the  course  of  Indian  river.  The  rock  weathers  reddish  but 
within  it  is  a  dark  gray,  assuming  a  purplish  tint 

The  Potsdam  quarries  are  on  the  Racket  river  about  three 
miles  east-sputheast  from  Potsdam.  Some  of  them  have  been 
worked  for  sixty  years.  AtOlarkson's  quarry  the  rock  is  light 
red  or  pink.  It  dips  west  mainly,  at  an  angle  of  30  deg. ,  but 
on  account  of  false  bedding  some  of  it  dips  more  and  some  less, 
one  large  layer  lying  about  horizontal.  At  Merritt  and  Tap- 
pan's  quarry,  which  is  on  the  river  half  a  mile  southwest  from 
■Clarkson's,  we  come  to  a  deep  and  old-quarry,  formerly  known 
as  Cox's  quarryi  one  that  was  running  probably  when  Emmons 
visited  the  region.  The  rock  here  is  similar  to  that  at  Clark- 
son's,  but  is  marked  by  couspicnqus  color  bands  of  light  pink 
and  brownish  red,  coincident  with  the  stratification.  These 
give  the  large  slabs,  on  their  broken  edges,  a  bizarre  appear- 
ance. In  general  the  rock  between  here  and  Clarkson's  quarry 
should  underlie  this.  It  is  darker  colored.  But  at  this  quarry 
there  is  a  synclinal  structure,  and  the  quarrying  has  gone  down 
in  the  trough  of  the  syncline,  to  the  depth  of  30  or  40  feet  be- 
low the  surface  of  the  river.  The  dip  on  one  side  is  about  25 
■deg.  S.,  and  on  the  other' it  is  about  15  deg.  N.  We  saw  at 
Potsdam  a  great  variety  of  the  sandstone  quarried  at  Ham- 
mond, which  is  in  the  extreme  western  part  of  St.  Lawrence 
county,  sopthwest  from  Morristown.  While  it  is  all  rather 
softer  than  any  quarried  at  Potsdam,  and  nearly  all  of  it  white, 
or  nearly  white,  like  the  St.  Croix  sandstone  in  Minnesota,  and 
especially  like  the  white  {or  nearly  white)  sandstone  seen  at 
Morristown,  &c.,  yet  there  are  some  slabs  nearly  as  uniformly 
red  ds  the  Potsdam  rock,  and  some  that  are  spotted  in  the  man- 
ner of  the  sandstone  at  the  falls  ol  the  St.  Mary's  river,  at  the 
east  end  of  lake  Superior. 

At  about  a  mile  and  a  half  below  Potsdam,  at  the  river's  bank, 
just  above  the  saw-mill,  is  a  gray  to  white  sandrock  which 
presents  an  irregular  surface  exposure.  It  has  been  quarried 
to  a  small  extent.     It  is  mainly  horizontal,  and  its  upper  layers 
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or  its  upper  surface,  at  least,  is  roughened  by  remnants  of 
fucoidal  marks,  and  rusted  by,  apparently,  rotted  patches  of 
calcareous  rock,  or  pyrites.  The  total  surface  exposure  is  only 
about  two  feet,  and  the  rusty  disintegration  is  about  three  inches 
thick.  This  rock  looks  more  like  the  Brockville  and  Morris- 
town  rock. 

Three  and  a  half  miles  east  of  Malone  is  Paddock's  quarry, 
in  a  coarse,  light-colored  sandstone,  which  makes  good,  but 
rather  fragile,  flagging,  worked  but  feebly.  The  rock-grain 
and  color  are  quite  different  from  the  Potsdam  sandstone,  yet 
there  is  a  light  reddish  tint  apparent  in  most  of  it,  as  well  as 
in  spots.  This  color  is  deepened  in  shade  in  a  manner  similar 
to  the  Sault  Ste.  Marie  sandstone,  but  in  general  is  lighter  than 
that.  It  is  affected  by  false  bedding  in  a  rather  remarkable 
manner.  In  this  respect  it  is  like  the  Potsdam  sandstone  at 
^erritt  &  Tappan's.  The  following  sketch  is  designed  to  show 
the  false  bedding.     The  flags  are  rigid  though  only  1^  or  2 


Fio.  4.— False  bedding  at  Paddock's  quarry. 

inches  in  thickness,  i.  e.  more  rigid  than  such  coarse  sand;rock 
can  usually  be.  The  grains  of  quartz  are  not  entirely  com- 
pacted by  cement,  but  there  are  vdcant  interstices.  It  would 
appear,  from  the  false  bedding,  that  this  sediment  was  laid 
down  in  a  very  turbulent  ocean,  and  one  that  was  constantly 
cutting  up  and  re-distributing  the  sediment  previously  ar- 
ranged, but  that  quieter  wat«r  followed  the  turbulence.  The 
same  rock  has  a  slight  exposure  near  the  depot  at  Malone. 
While  these  strata  are  probably  later  than  the  strata  at  Pots- 
dam, it  is  Impossible  to  afBrm  that  they  do  not  belong  to  the 
same  general  age. 

At  Keeseville,  N.  Y.,  can  be  seen  a  conspicuous  white  sand- 
stone, or  quartzyte.  The  chasm  of  the  Au  Sable  cut  in  this 
rock  is  narrow  and  in  some  places  quite  crooked.  The  river 
follows  apparently  a  fissure  or  a  series  of  fissures  in  the  quartz- 
yte which  is  also  otherwise  fissured  and  faulted,  causing  local 
dipping  in  different  directions,  and  breccias  at  the  fault  lines. 
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Below  the  foot  of  the  stairway  one  can  walk  for  a  considerable 
distance  down  the  chasm,  following  a  natural  platform  on  the 
right  side  of  the  river.  The  rock  shows  various  local  changes 
in  dip,  making  sometimes  an  apparent  non-conformity  between 
two  formations.  One  such,  which  is  the  most  remarkable,  is 
at  "the  elbow,"  where  the  river  first  turns  at  a  right  angle. 
There  is  an  ai^>earance  here  of  an  upper  sandstone  formation 
unconformable  on  a  lower.  This  idea  is  not  weakened  any  by 
the  obvious  contrast  in  the  lithology,  the  lower  one  (which 
forms  the  platform  along  which  one  walks  on  the  right  side) 
being  very  hard,  finer-grained  and  redder  than  the  upper,  and 
polished  by  the  friction  of  the  water  when  the  river  runs  over 
it.  This  polishing  was  noted  by  Emmons.  At  first  I  took  this 
for  a  plane  of  non- conformity,  but  similar  irregularities  occur 
further  down,  some  of  them  being  in  the  supposed  upper  por- 
tion. Through  a  part  of  the  distance  down  to  the  narrow  place 
where  no  one  can  pass,  the  beds  dip  from  the  6hasm  in  opposite, 
or  partly  opposite,  directions,  the  left-hand  cliff  having  fallen 
away  from  the  rocks  on  the  right  hand,  the  river  lying  in  the 
fissure.  The  strata  on  the  left  hand  side,  at  and  below  the  first 
elbow,  dip  conspicuously  into  the  left  bank.  At  another  narrow 
spot,  where  another  elbow  occurs,  in  the  opposite  direction, 
the  cause  of  the  location  of  the  river  is  seen.  Just  where  the 
river  turns  the  breccia-plane,  which  it  occupies  between  the 
two  elbows,  is  seen  in  the  angle  of  the  right  bank,  continuing 
on  across  the  formation  in  the  same  direction,  but  it  is  blocked 
up  and  filled  with  the  remaining  rock,  the  cliff  on  the  left-hand 
side  there  overhanging  the  breccia  plane,  falling  on  it  and 
tightening  it  so  as  to  keep  the  passage  closed.  Under  such  an 
obstruction  the  river,  in  some  earlier  portion  of  its  history,  had 
to  leave  the  course  of  the  fault  and  turn  to  the  left,  though 
here  it  also  occupies  another  fault  plane  which  crosses  the  for- 
mer nearly  at  a  right  angle.  Below  this  last  turn  the  chasm 
continues,  with  still  water,  while  above  it  the  river  runs  with  a 
rushing  and  noisy  current. 

At  Hanawa  falls,  near  Potsdam,  a  perpendicular  section  ex- 
posing about  30  feet  appears  below  the  falls.  The  right  bank 
here  seems  to  have  two  brecciated  or  fault  planes,  the  strata 
lying  about  as  shown  by  the  diagram  on  page  104. 

The  gneiss  and  marble.  At  the  rapids  in  the  Racket  river  at 
Potsdam,  is  a  peculiar  gneiss,  consisting  almost  entirely  of 
quartz.  The  grain  is  fine  and  uniform  in  size  and  has  a  sub- 
rounded  outline  surface,   and  bands  of  varying  composition 
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cross  the  rock  surface.  Tbis  banding  is  emphasized  by  greater 
accumulation  of  lichens  on  some  than  on  others.  The  most 
lichenous  bands  are  red  within,  when  freshly  fractured,and  the 
intermediate  layers  are  lighter,  but  seem  to  have  some  specks 
of  chloritic  substance.  In  some  places  this  gneiss  becomes 
mica  schist,  which  is  visible  in  the  city.  It  is  cut  by  ancient 
dikes  of  a  basic  rock,  probably  originally  a  diabase,  which 
have  also  been  subjected  to  some  metamorphism.  The  dip 
cannot  be  made  out. 

We  made  an  excursion  westward  from  Potsdam  to  a  locality 
known  as  Crary's  mill,  situated  about  seven  miles  from  Pots- 
dam. At  five  and  a  half  miles  the  road  crossed  a  creek,  where 
at  the  north  side  of  the  road,  appears  a  gneissic  rock  contain- 
ing lenses  of  coarsely  crystalline  white  marble.  The  marble 
also  embraces  pebbles  and  angular  pieces  of  rock  which  is  now 
micaceous  and  quartzose.  Some  of  these  siliceous  pieces  are 
banded  with  sedimentary  structure. 


FiO.  S.-The  east  bluff  at  H&naxii  Tills. 

At  Crary's  mill  similar  gneiss  appears  at  the  dam  dipping, 
like  the  last  mentioned.  W.  N.  W.  about  20  degrees.  There  is 
also  here  a  large  amount  of  marble  which  is  used  extensively 
for  economic  purposes,  principally  for  quicklime.  The  gneiss 
toward  the  east,  by  the  dip,  must  pass  below  the  marble,  which 
forms  an  extensive  belt,  and  is  traceable  for  several  miles  across 
the  country  southward.  The  marble  is  conglomeritic  (but  the 
most  of  it  is  free  from  pebbles),  massive,  colored  by  bands  of 
sedimentation  all  dipping  uniformly  W.  N.  W.  It  is  said  to 
maintain  this  dip  for  six  or  eight  miles  toward  the  south.  It 
appears  again  at  the  iron  location  of  Capt.  Wood,  about  five 
miles  south  from  Crary's  mill.  Here  the  marble  is  associated 
with  some  verde  antique  and  serpentine.  Occasionally  are  seen 
fine  alternations  of  red  jasper  and  hematite  in  paper-thin  films, 
but  these  are  about  the  exterior  portions  of  the  iron  masses,  and 
of  later  origin,  having  no  bearing  on  the  method  of  origin  of  the 
ore  itself.    The  iron  is  bright,  pure,  specular  hematite,  in 
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lenticular  masses  in  the  marble.  If  there  be  no  irregularities 
in  structure,  or  faults,  this  marble  must  lie  below  a  vast  thick- 
ness of  gneiss,  for  in  reaching  this  locality  we  passed,  for  nearly 
three  miles — indeed  all<the  way  from  Crary'smiU — almost  per- 
pendicular to  the  strike,  the  dip  being  from  15  to  30  degrees 
all  the  way  W.  N.  W.  or  N.  However  there  may  be  a  succes- 
sion of  faults,  causing  a  reduplication  of  the  same  section. 
The  working  is  small,  and  is  abandoned,  apparently  from  lack 
of  a  sutBcient  supply  of  ore.  The  dip  of  the  marble  cannot  be 
made  out,  as  the  whole  exposure  is  confused  and  rotted;  but 
immediately  north  of  the  most  northern  pits  is  a  range  of 
gneiss  dipping  N.  E. 

Ajb  an  iron  exploration  situated  a  quarter  of  a  mile  from  the 
river,  about  four  miles  E.  8-iE.  from  Potsdam,  the  rock  shafted 
is  a  conglomerate  which,  from  the  geographical  position,  is 
yrobably  the  bottom  portion  of  the  Pot^am  sandstone.  la 
association  with  this  conglconerate  is  some  red  hematite,  rather 
soft,  but  yet  &rm,  as  an  ore,  and  apparently  of  fragmental 
origin.  Below  this  conglomerate  the  exploration  was  continued 
by  diamond  drill  about  50  feet,  and  the  cores  brought  out,  some 
of  which  still  lie  alx)ut  the  drilled  hole,  disclosed  a  serpentinous 
marble  comparable  with  that  seen  at  Capt.  Wood's.  The  drill 
happened  to  strike  no  hematite  in  this  distance,  but,  from  the 
existence  of  the  fragmental  hematite  in  the  conglomerate,  and 
the  existence  of  hematite  in  the  marble,  as  at  Capt.  Wood's,  it ' 
may  be  presumed  that  in  the  near  vicinity  is  a  deposit  of  hema- 
tite in  the  older  formation  from  which  these  fragments  were 
derived.  In  the  immediate  vicinity  of  such  original  depositsof 
ore,  the  conglomerate  would  naturally  contain  much  fragmental 
ore,  and  when  the  conglomerate  lacks  such  element  it  may  be 
inferred  there  are  no  near  sources  from  which  it  could  be  sup- 
plied. 

Dr.  U.  S.  Grant  made  a  special  trip  to  Gouverneur,  and  the 
following  is  the  substance  of  his- notes;  At  four  miles  from 
Potsdam,  on  the  southeast  side  of  the  railroad  track,  is  an  out- 
crop which  has  an  evenly  rounded,  apparently  glaciated,  form; 
it  has  the  appearance  of  being  granite,  or  gneiss  similar  to  that 
southward  from  Crary's  mills.  No  other  rock  outcrop  was  seen 
along  the  track  l>etween  Potsdam  and  Canton.  But  immedi- 
ately southwest  from  Canton,  much  rock  exposure  occurs  at 
the  crossing  of  the  stream,  and  thence  all  the  way  to  DeKalb. 
Almost  all  these  exposures  are  rounded  glaciated  domes.  In 
some  instances  a  parallel  arrangement  of  lighter  and  darker 
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bands  could  be  distinguished  in  this  rock  from  the  train.  The 
dip  is  about  35°  northward,  with  a  strike  about  N.  75°  E. 
At  several  shallow  cuts  made  in  this  rock  it  could  be  distin. 
guished  as  gneiss  of  the  same  character  as  that  seen  south  from 
Crary's  mill.  From  De  Kalb  to  Richmond  are  many  outcrops. 
From  Richland  to  Grouverneur  are  others  that  seemed  to  be  of 
marbla 

At  Gouvemeur,  three-fourths  of  a  mile  Bouthwest  of  the 
town,  just  on  the  south  side  of  the  railroad,  are  three  large 
quarries  in  marble.  This  rock  is  of  a  general  gray  color  and 
coarse  grain,  and  rather  indistinctly  striped  with  white  and  - 
gray  irregular  bands.  Some  of  these  bands  are  wide,  so  as  to 
include  much  of  the  rock  in  some  instances.  This '  irregular 
banding  is  presumed  to  he  parallel  with  the  original  sedimen- 
tation. It  is  the  only  structure  shown  in  the  rock, — not  even 
are  there  any  distinct  joiutage  planes.  The  rock  is  very 
massive.  It  (Joes  not  split  any  easier  in  the  direction  of  tbesd 
bands  than  across  them.  The  dip  is  30°  N.  The  foreman  at 
one  of  these  quarries  furnished  the  following  information:  "In 
this  vicinity,  especially  farther  southwest,  and  near  the  railroad, 
are  several  other  quarries,  all  in  the  same  kind  of  marble.  The 
general  dip  is  35°  to  45°  toward  the  north,  but  at  one  quarry 
the  rock  stands  vertical,  with  an  E.  and  W.  strike.  The  gndiss 
is  found  several  miles  N.  and  N.  E.  of  Gouvemeur,  and  also 
^near  Wood's  quarry  which  is  in  marble,  near  the  railroad,  and 
three  miles  southwest  of  town.  Here  the  gneiss  and  marble 
come  quite  near  to  one  another,  the  gneiss  being  found  a  short 
distance  south  and  southeast  of  the  marble  and  dipping  N.  as 
does  also  the  marble.  There  are  three  or  four  iron  mines  in  the 
vicinity  of  Keene's,  about  7  miles  8.  W.  from  Gouvemeur,  some 
of  which  are  now  shipping  ore.  They  can  all  be  reached  in  a 
few  minutes  walk  from  Keene's.  The  ore  is  generally  a  soft 
red  hematite,  but  vrith  some  blocks  of  hard  hematite.  The  ore 
is  not  in  the  marble,  nor  in  the  gneiss,  but  in  a  hard  sandrock 
which  is  distinct  from  both."  Prom  the  description  of  the  ore 
it  was  understood  by  Dr.  Grant  that  it  is  similar  to  that  seen 
by  him  between  Richland  and  De  Kalb,  as  described  beloW. 

About  half  a  mile  from  Richland  station,  northeastward,  the 
railroad  passes  near  several  outcrops.  One  of  these  is  of  a 
hard  siliceons  rock  holding  some  softer  mineral.  It  is  narrowly 
and  conspicuously  banded,  some  of  the  bands  not  being  over  ^ 
inch  across.  The  most  of  the  bands  are  of  quarts,  and  appear 
like  bands  of  vitreous  quartzyte.     Between  these  are  smaller 
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bands  of  quartz  mixed  with  more  or  less  of  a  rather  soft  green- 
ish to  whitish  mineral,  looking  like  talc,  but  too  hard  for  talc. 
This  banding  appears  very  sharply  on  weathered  surfaces. 
Aside  from  this  banding  there  are  no  remains  of  clastic  struct- 
ure in  the  rock,  which  is  holocrystalline.  The  rock  has  been 
bent  and  twisted  considerably,  but  the  average  or  resultant  di- 
rection of  the  l>anding  is  about  N.  20°  E.,  and  the  dip  is  from 
vertical  to  70°  towards  N.  70°  W. 

A  short  distance  further,  on  the  east  side  of  the  track,  is  a 
ridge  of  gray,  coarse  grained  marble,  in  which  are  streaks  of 
quartz  rock  like  the  last.  The  strike  is  also  N.  and  the  dip  is 
about  60°  W.  At  some  distance  still  further  the  quartz  rc>ck 
above  described  appears  again.  Here  the  strike  and  dip  could 
not  be  determined. 

About  two  miles  from  Bichland  is  a  low  cut  in  coarse  gray 
marble,  having  bands  of  the  quartz  rock  in  it.  Strike  about  K. 
and  S. ;  dip  about  80°  B.  A  few  rods  further,  on  the  W.  side  of 
the  track  is  an  exposure  apparently  the  same  as  the  last.  The 
dip  is  plainly  seen  about  45°  W.  N.  W.;  and  a  little  further  a 
gneiss,  similar  to  that  seen  south  from  Crary's  mill,  is  seen 
dipping  N.  W.  about  45°. 

At  three  miles  and  a  half  from  Richland  is  a  cut  in  the 
marble  and  quartz  rock.  Dip  not  clearly  seen  except  in  one 
place,  where  it  is  N.  N.  W.,  about  30°.  Less  than  100  yards  fur- 
ther N.  E.,  is  another  cut,  some  200  feet  long,  through  a  sand- 
stone. This  sandstone  is  of  rather  fine  grain,  more  or  less 
friable,  and  usually  red  in  color,  due  to  large  amounts  of  hema- 
tite disseminated  through  it.  In  a  few  places  this  rock  is  not 
charged  with  hematite.  It  is  then  more  firm,  and  of  a  yellow 
color,  but  this  is  in  comparatively  small  amount.  The  two 
qualities  grade  into  each  other.  The  lower  part  of  the  sand- 
stone contains  rounded  pebbles  and  angular  fragments  of  mar- 
ble and  quartz  of  all  sizes  up  to  one  foot  in  diameter.  Just  be- 
low this  conglomerate  is  a  gray,  coarse-grained  marble  with  an 
irregular  upper  surface  (see  figs.  6  and  7).  -  In  only  one  place 
could  the  dip  of  the  marble  be  observed.  This  was  at  the  north 
end  of  the  cut,  and  was  S.  about  45°.  The  sandstone  is  broken 
into  parallel  layers  which  lie  nearly  horizontal,  but  in  some 
places  are  tipped  10"  to  15°  in  various'  directions.  In  two 
places  a  lamination  was  noted  in  this  sandrock,  running  parallel 
with  the  layers,  about  horizontal.  The  lower  part  of  the  sand- 
stone is  often  very  compact,  and  apparently  cemented  by 
calcite.     It  has  veins  and  pebbles  of  red  jasper.     The  sandstone 
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grades  into  a  soft  red  hematite,- which  appears  like  a  good  ore. 
The  upper  surface  of  the  marble  is  fissured  in  places,  and  the 
hematitie  material  of  the  sandstone  extends  down  into  these 
fissures  (fig.  7).  Further  toward  De  Kalb  are  several  other 
low  outcrops  of  similar  gray  marble. 


Fias.  B  AND  T.— SsotloDS  ta  miles  N.  E.  from  Blobland. 

About  oce-fourth  mile  south  of  the  station  at  De  Kalb  is  a 
rounded  dome  of  compact  siliceous  gneiss,  mottled  with  red. 
The  gneissic  structure  is  not  always  present.  The  only  dip 
shown  is  that  of  this  gneissic  structure,  but  in  general  the  out- 
crop appears  very  massive. 

From  these  observations  Br.  Grant  remarked  that  the  im- 
pression left  on  his  mind  was  to  the  effect  that  all  the  gneiss, 
quartz  rock  and  marble  belong  to  one  and  the  same  formation, 
though  of  uncertain  age.  It  is  the  oldest  formation  seen  in  the 
vicinity  of  Potsdam.  The  marble  is  included  in  the  gneiss  and 
has  gneiss  both  above  and  below  it.  The  general  strike  of  this 
formation  is  about  E.  and-W.  with  a  northerly  dip  of  35  deg.  to 
60  deg. ;  but  there  are  some  sudden  changes  both  in  strike  and 
dip. 

The  sandstone  seen  between  Richland  and  De  Kalb  is  a  much 
newer  terrane,  has  been  but  slightly  disturbed,  lies  on  the 
edges  of  the  gneiss  and  marble,  and  received  debris  from  both 
in  a  crystalline  condition,  indicating  that  the  metamorphism 
and  tilting  of  the  lower  formations  were  complete  before  the 
deposit  of  the  sandstone.  The  sandstone  and  the  associated 
ore  are  undoubtedly  the  same  as  those  seen  about  4  miles  E.  S. 
E.  from  Potsdam  on  the  east  side  of  the  Racket  river,  and  the 
inference  is  that  the  conglomerate  and  the  ore  lie  at  the  base 
of  the  Potsdam. 
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Ottter  limestone.  Two  miles  north  of  Norwood,  on  the  left 
bank  of  the  Racket  river,  are  several  quarries  in  a  dark-gray, 
fine-gained  bnt  crystalline  limestone  which  is  spotted,  in  the 
upper  layers  of  the  quarries,  with  conspicuous  lumps  of  white 
caleite.  The  rock  is  practically  nonfossiliferous,  but  by  con- 
Biderable  search,  by  Mr.  Schnchert  and  the  writer,  we  suc- 
ceeded in  finding  some  imperfect  fossils,  viz.,  fragments  of  some 
Asaphus  and  of  some  Pleurotomaria,  which  cannot  be  specifically 
determined,  and  several  specimens  of  Lingula  irene  Bill.  This 
rock  is  extensively  spread  in  this  region,  and  is  quarried  at 
several  other  places  not  visited,  viz.,  at  a  point  on  the  O.  and 
L.  C.  railroad  four  miles  northwest  from  this  place,  and  north, 
at  Massena  springs.  This  evidently  belongs  stratigraphically 
above  all  the  foregoing. 

Summary  and  concluaUma  as  to  the  atratigraphical  aucceaaion  at 
Potsdam.  If  an  attempt  be  made  to  correlate  these  observations 
so  as  to  express  a  generalized  section  for  the  northern  Adlron- 
dacks,  the  writer  would  put  the  formations  together  in  some 
such  manner  as  follows: 

1.  The  gneiss,  containing,  interstratifled  with  it,  the  marble 
and  the  quartzyte,  seem  not  to  belong  in  the  true  Laurentian. 
Anyone  familiar  with  the  gneiss  and  schists  which  appear  at 
the  bottom  of  the  geological  scale  in  the  Northwest  would  at 
once  notice  a  great  lithological  difEerence.  The  Adirondack 
gneiss  is  more  regularly  and  conspicuously  a  banded,  sedi- 
mentary rock,  and  varies  more  frequently  in  composition;  and 
its  variations  at  the  same  time  are  of  greater  variety  and  greater 
extent.  The  rock  is  perhaps  as  wholly  crystalline  as  the  lowest 
I>aurentian  gneisses  and  schists,  but  there  is  a  fresher  facies, 
i.  e.,  an  incompleted,  still  non-difierentiated,  association  of 
minerals,  and  a  remaining  suggestion  of  tragmental  structure 
permeating  the  rock  which  is  not  seen  in  the  old  Laurentain 
gneisses.  Its  color  also  varies.  In  the  schists  are  rocks  that 
are  black'  i,n6  fine-grained,  finely  micaceous,  bnt  apparently 
carbonaceous  or  graphitic.  They  also  embrace  this  marble, 
which  itaelf  is  sometimes  conglomeritic,  and  reaches  a  thick- 
ness of  several  hundred  feet.  In  the  marble  is  a  crystalline 
pure  hematite,  in  lenses  that  sometimes  have  attracted  atten- 
tion as  valuable  iron  ores.  The  marble  is  sometimes  siliceous, 
and  sometimes  is  interstratifled  with  quartz  rock,  and  finally 
gives  place  entirely  to  a  banded  quartzyte.  This  change  takes 
place  in  a  direction  toward  the  gneiss,  i.  e.,  the  quartzyte 
outcrops  are  between  known  outcrops  of  marble  and  of  gneiss. 
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but  the  tuaDner  of  transitioa  is  unknown.  Whether  the  gneiss 
here  supposed  to  underlie  the  quartzyte  is  a  conformable 
member  of  the  same  formation  and  similar  to  that  with  which 
the  quartzyte  and  the  marble  are  associated,  is  unknown.  It 
may  lie  non- conformably  below  the  quartzyte,  and  represent  a 
portion  of  an  older  formation,  but  our  observations  did  not 
happen  to  bear  upon  this  point.  This  marble,  quartzyte  and 
associated  schist  seem  to  be  the  northern  Adirondack  repre- 
sentatives of  the  marble,  quartzyte  and  associated  schists  seen 
in  the  eastern  side  of  the  Adirondacks,  extending  with  the 
Taconic  mountains,  through  southern  Vermont,  western,  Mas- 
sachusetts and  southeastern  NewYork  and  further  south.  Their 
lithology,  stratigraphic  order  and  topographic  relations  to  the 
Adirondacks  are  similar.  It  is  now  well  known  that  they  ap- 
pertain to  the  original  Taconic  of  Dr.  Emmons  and  that  they 
have  been  found  to  contain  a  primordial  fauna.  There  can 
hardly  be  a  question  as  to  their  geological  identity  in  the  two 
regions  here  considered.  These  regions  are  immediately  ad- 
joining each  other  and  must  he  considered  as  belonging  to  the 
same  basin  or  area  of  deposition;  with  this  similarity  of  rela- 
tions to  the  Adirondacks  coincides  the  fact  of  similarity  of 
stratigraphic  order  and  lithologic  composition. 

2.     The   overlying   sandstone.       The   great   sandstone  which 
swings  around  the  northern  slope  of  the  Adirondacks  lies  non- 
conformably  on  the  foregoing  gneiss,   quartzyte,  marble   and 
iron  ore,  dipping  generally  gently  away  from  the  Adirondacks. 
The  writer  here  is  disposed  to  consider  this  entirely  as  one  and 
the  same  formation,  for  taken   altogether   the  evidence  rather 
tends  in  that  direction,  though  there  is  one   anomalous  fact 
which  cannot  be  explained  easily  on  that  supposition.      There 
has  been  need  of  constructing  for  the  Potsdam   region,    if  the 
stratigraphy  there  is  analagous  to  that  in  the  Champlain-Hud- 
son  basin,  a  succession   of  principal  parts   in   the  geological 
scale  that  will  agree  substantially  with  that  made  out  in  that 
L  the  Potsdam  region  hitherto  but  one  great  quartzyte 
mown,  and  no  fossils  have  been  found  in  it,  i.  e. ,  none 
rock  at  Poisdam.   although  an  "Upper  Cambrian" 
nown  to  exist  in  the  light-colored  sandstones  outcrop- 
tie  country  surrounding  Potsdam.     The  writer  has 
)sed  to  consider  that  the  true  Potsdam  sandstone,  or 
is  more  likely  to  belong  at  the  horizon  of  the  lower 
lartzytes,  notwithstanding  the  existence  of  an  "Upper 
'  fauna  in  the  surrounding  sandstones.      The  rather 
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exceptional  dip  and  the  metamorphic  conditaon  of  the  rock 
at  Potsdam  seemed  to  require  its  separation  from  the  "upper 
Cambriaa"  of  the  region.  The  discovery  of  a  persistent 
quartzyte  associated  with  the  limestone  and  schist  of  the 
region,  as  above  stated,  supplies  the  demand  for  a  harmonious 
comparative  stratigraphy,  and  allows  of  the  reference  of  the 
Potsdam  sandstone  at  Potsdam  to  the  tipper  horizon.  This 
will  accord  with  the  ffenera/ appeorOTicf  of  the  geological  en- 
vironment, as  it  has  been  generally  interpreted,  and  will  supply 
a  representative,  in  the  Potsdam  region,  of  that  other  quartzyte 
which  on  the  eastern  side  of  the  Adirdndacks  and  further  south 
has  so  often  been  considered  Potsdam,  but  which  really  exists 
at  the  bottom  of  the  Taconic  or  near  the  bottom  of  the  Lower 
Cambrian,  as  the  latter  term  is  employed  by  the  U.  S,  Geolog- 
ical Survey.  This  upper  quartzyte  varies  to  a  nearly  white 
rock,  though  even  then  sometimes  as  hard  as  any  quartzyte, 
and  to  a  red,  highly  ferruginous  sandstone,  llie  latter  phase 
passes  into  an  iron  ore  which  is  economically  valuable  and  has 
t>een  worked  for  ore.  In  this  condition  it  is  conglomeratic  with 
remains  of  the  underlying  formations,  some  of  the  fragmental 
pieces  being  from  the  hematite  lenses  that  exist  In  the  under- 
lying marble.  It  remains  yet  to  discover  the  non-conformable 
contact  of  the  lower  quartzyte  with  a  lower  gneiss  or  granite, 
a  true  Laurentiao  formation  comparable  with  that  which  lies 
below  the  "grantilar  quartz"  in  the  Green  mountains.  Should 
this  be  found  by  future  examination  in  the  region,  nothing 
would  be  lacking  to  complete  the  stratigraphical  evidence  of 
this  succession.  The  fauna  which  exists  in  the  "granular 
quartz"  and  associated  strata  in  the  eastern  part  of  New  York, 
if  found  in  this  lower  quartzyte  and  marble,  would  furnish  the 
most  conclusive  evidence. 

There  remains,  however,  one  alternative  as  a  possible  error 
in  the  foregoing  conclusion.  The  outerops  of  the  quartzyte  as 
quarried  at  Potsdam  may  not  belong  to  the  general  sandstone 
of  the  region,  and  of  this  ^here  is  this  evidence:  (a)  The  rock 
is  firmer  and  apparently  more  crystalline;  its  color  and  genera^ 
grain  is  not  remarkably  different  from  some  so-called  gneiss, 
which  outerops  below  the  dam  in  the  Racket  river  at  Potsdam, 
about  three  miles  .distant  In  some  known  instances  a  rock  re- 
sembling the  Potsdam  at  Potsdam  has  been  known  to  be  con- 
verted into  a  siliceous  gneissic  rock  likd  that  below  the  dam. 
(b)  The  dip  of  the  rock  at  Potsdam  seems  also  to  be  anoma- 
lous, if  thatTOck  be  in  parallelism  with  the  light-colored  sand- 
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stones.  This  possible  aUiance  with  the  gneiss  formation  would 
make  the  Potsdam  at  Potsdam  of  the  same  age  as  that  of  the 
quartzyte  seen  by  Dr.  Grant  northeast  from  Richland. 


MORRISON  COUNTY,  MINN. 

A  reexamination  was  made  here  for  the  purpose,  chiefly  ■  of 
getting  evidence,  one  way  br  the  other,  of  the  Archean  age  of 
the  slaty  schist  which  is  seen  in  the  Mississippi  river  at  Little 
Palls. 

At  the  rapids  below  the  dam,  at  Little  Palls,  the  direction  of 
the  sedimentary  bedding  is  various.  It  is  dif&cult  to  say 
whether  it  is  prevailingly  in  any  direction.  Yet  in  one  instance 
it  was  carefully  measured  and  found  to  be  75°  W.,  3°  S.  by 
compass,  the  slaty  cleavage  being  about  vertical  and  striking 
S.  25°  W.  On  the  west  side  of  the  island  there  is  a  plain 
crumpling  of  l^e  sedimentary  structure  and  in  the  main  a 
small  synclinal  trough,  though  the  prevailing  direction  here  is 
westerly.  The  lenticular,  so-called  crystalline  masses  of  quartz- 
dioryte  described  by  Mr.  Kloos  (Eleventh  annual  report,  p.  74) 
are  always  vertical,  and  coincide,  in  their  longer  diameter,  with 
the  slaty  cleavage.  They  cross  the  sedimentation.  They  are 
not  dependent  on  the  direction  and  apparently  not  on  thecharac- 
ter  of  the  sedimentation,  but  on  some  later  force.  The  same 
is  true  of  some  white  quartz  veins,  as  they  also  run  with  the 
cleavage.  It  is  true,  however,  that  these  dioryte  septaria  fre- 
quent certain  layers  of  the  sedimentation,  occurring  in  a  belt- 
parallel  with  the  sedimentary  structure,  at  least  in  one  place, 
though  individually  even  then  they  are  elongated  with  the 
cleavage.  This  seems  to  show  the  production  of  quartz-dioryte 
in  a  sedimentary  rock,  the  process  being  completed  in  certain 
of  the  sedimentary  bands  over  small  areas,  forming  crystalline 
masses,  these  masses  being  still  surrounded  by  such  materials 
as  went  to  form  the  ordinary  schist  of  the  place.  The  petro- 
graphic  alliance  of  this  segregated  rock  with  the  laminated 
dioryte  on  "the  point,"  as  noted  by  me  in  the  sixth  annual 
report  (p.  51).  taken  in  connection  with  their  elongation,  and 
the  further  fact  that  the  lamination  on  "the  point"  is  parallel 
with  the  cleavage  of  the  slates,  points  to  the  probable  origina- 
tionot  the  lamination  on  "the  point"  from  the  complete  meta- 
morphism  of  a  sedimentary  rock,  and  also  to  the  necessary 
separation  of  the  lamination  structure  from  any  dependence  on 
the  original  sedimentary  structure,  at  least  in  the  direction 
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which  it  maintains.  These  nodules,  when  sufflciently  elongated, 
would  constitute  bands  resembling  these  seen  on  "the  point." 
The  production  of  these  dioryte  septAria,  or  dioryte  bands 
(when  elongated)  seems  to  be  favored  by  the  occurrence  of 
certain  elements  in  the  composition  of  the  original  sedimentary 
rock,  since,  as  stated  above,  they  frequent  certain  sedimentary 
strata,  and  are  wanting  in  others. 

In  GravelviUe  in  the  eastern  part  of  Morrison  county,  with 
the  guidance  of  Mr.  Robert  Brown,  a  large  granite  area  was 
visited.  This  rock  outcrops  generally  on  section  18,  T.  41-18, 
and  its  color  is  red  to  grey,  sometimes  gneissic,  but  mainly  is 
massive,  as  if  formerly,  molten.  The  red  is  sometimes  very 
coarse  and  Scotch-likG,  but  also  often  is  fine-grained  and  sili- 
ceous, resembling  some  seen  on  the  Kawishiwi  river  some 
years  ago,  and  also  that  seen  at  "La  Framboise"  place  a  short 
distance  above  New  Ulm  in  1873.  In  the  latter  case  it  may  l>e 
sedimeiitary  rock  metamorphosed  in  place.  This  granite  area 
runs  alongside  of  a  valley  in  a  direction  S.  S.  E.,  the  valley 
being  on  the  east 

In  the  town  of  Kandall,  on  the  west  side  of  the  Mississippi 
river,  section  7,  T.  180-30,  greenstone  is  cut  by  the  railroad. 
A  low  ridge  extends  S.  S.  W.  about  a  quarter  of  a  mile.  The 
rock  is  fibrous- massive,  and  typical  Keewatin.  It  has  much 
calcite  in  spots  and  in  veinings,  also  quartz,  with  some  small 
pyrite  cubes.  This  is  evidently  a  fragtnental  rock,  and  the 
grains  and  pebbles  of  differing  hardness  stand  out  on  the 
weathered  surface.  It  is  a  conglomerate,  of  the  Kawishiwia 
kind.  The  main  structure  stands  nearly  vertical  but  dips  B.E, 
Numerous  boulders  of  gabbro  are  strewn  about  here. 

The  rock  which  I  visited  about  a  mile  west  of  Little  Falls  15 
years  ago,*  Is  now  qnarried  for  foundations.  It  appears  like 
a  modified  gabbro  where  it  lies  in  the  streets,  and  when  cut  by 
the  workmen,  and  also  at  the  quarry,  but  on  close  inspection  it 
is  found  to  be  a  dioryte.  I  do  not  see  any  amygdaliodal  struc- 
ture, such  as  that  mentioned  in  1877. 

Accompanied  by  Messrs.  Williams  and  Rothwell,  of  Little 
Falls,  another  visit  was  made  to  Pike  rapids.  The  rock's 
principal  structure  strikes  about  E.  and  W.  and  dips  N.  at  70° 
from  the  horizon,  running  diagonally  across  the  river  up  stream 
to  the  left  bank.  At  a  point  a  short  distance  below  the  mouth 
of  Swan  river,  and  where  the  principal  rock-reef  cansing  the 
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priocipal  water-fall  eaters  the  right  bank,  is  a  limestone  layer, 
standing  several  feet  above  the  water,  rather  poorly  exposed 
in  the  bank.  It  appears  a  little  too  far  down-stream  to  be  cer- 
tainly the  cause  of  this  riffle,  but  the  dip  would  certainly  bring 
it  near  that  position  under  the  water.  It  is  disconnected  and 
cannot  be  traced  to  the  riffle.  It  is  a  pinkish,  fine-grained 
marble,  marked  by  close  sedimentary  (?)  structure  which 
coincides  in  direction  and  dip  with  the  principal  structure  of 
the  staurolite  schists  of  the  place. 

Near  the  centre  of  S.  E.  i  N.  E.  i  sec.  30,  Town.  128-29.  Mor- 
rison county,  is  a  rather  singular  mica  schist.  This  is  some 
miles  below  the  limestone  above  notefl,  and  on  the  upland  a 
uLile  and  a  quarter  from  the  river,  on  the  west  side.  The  low, 
small  ridge  is  situated  in  a  swampy  tract,  runs  about  N.  and  S., 
,  rises  about  10  feet,  and  apparently  extends  under  several  acres. 
It  shows  no  general  structure  and  is  very  finegrained.  Yet  it 
contains  occasional  nodules  like  those  in  the  slates  at  Little 
Falls,  characterized  principally  by  long,  conspicuous  black 
hornblende  crystals  which  are  sparingly  disposed  about  the 
periphyry  of  the  mass  in  a  lighter  colored  band.  In  some  other 
cases  there  appears  to  be  no  completion  of  the  concretionary 
process,  and  there  can  be  seen  only  a  few  scattered  long  crys- 
tals of  the  same  mineral  running  at  random  and  gathered  about 
a  point  in  the  schist,  the  whole  area  affected  being  about  three 
inches  in  diameter.  ' 

Lincoln,  Morrison  county.  This  is  in  the  northwestern  cor- 
ner of  the  county,  on  the  "cut  off'  branch  of  the  Northern  Pa- 
cific railroad.  Here  are  remarkable  morainic  ridges,  very  ab- 
rupt and  high,  running  almost  like  a  kame,  extending  past  the 
station  southwest  from  lake  Alexandria.  They  are  remarkably 
abrupt  and  high.  The  region  is  one  of  red  till,  which  extends 
from  Little  Falls  to  Philbrook,  though  beyond  Lincoln  the  sur- 
face becomes  sandy  like  that  at  Little  Falls  and  Brainerd. 
These  hills  were  only  seen  from  the  cars. 

Philbrook,  Todd  Co.  Still  further  northwest,  at  the  point 
of  junction  of  the  Pish  Trap  with  the  Long  Prairie  river,  an  ex- 
amination was  made,  under  the  guidance  of  Mr.  Hartshorn,  of 
Staples,  and  Mr.  Robert  Brown,  of  Little  Palls,  of  the  rock 
outcrops  in  that  neighborhood.  These  outcrops,  so  far  as 
could  be  discovered,  are  all  of  gabbro,  but  the  rock  manifests 
some  variations  which  have  not  before  been  seen  in  the  great 
gabbro  of  the  region  further  east.  It  varies  in  patches  or  in 
vein-deposits,  to  a  nearly  white  rock  consisting  almost  wholly 
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of  a  feldspar  which  is  striated,  with  a  little  quartz.  This  may 
be  a  segregation  product,  and  not  an  original  coastitaent  of  the 
mass.  It  also  varies  to  a  very  dark  and  heavy  trap-lookioir 
rock,  which,  however,  still  contains  long  cleavages  of  a  striated 
feldspar.  Throughout  all  these,  except  in  the  white  feldspar, 
are  many  crystalline  grains  of  magnetite  which  is  probably 
titanic.  There  is  also  a  narrow  belt,  not  well  exposed,  seen 
below  the  dam  of  the  Fish  Trap  in  Unfavorable  situation  for  ex- 
amination, where  this  gabbro  is  converted  by  shearing  into  a 
schistose  rock,  the  schistose  structure  standing  about  perpen- 
.dicular.  In  this  stihist.  which  might  inadvertently  be  taken 
for  an  outcrop  of  an  older  formation,  are  still  seen  many  of  the 
magnetite  grains,  and  all  the  feldspars  as  well  as  the  hom- 
bleodes  are  broken  and  flattened.  This  gabbro  forms  a  low 
hill  range,  and  can  be  traced,  according  to  Mr.  Hartshorn,  S. 
S.  W.  or  nearly  S.  about  3  or  3^  miles,  and  has  a  width  of  half 
a  mile,  so  far  as  known.  It  extends  2i  miles  from  Philbrook 
southerly  and  some  distance  north. 

The  principal  object  of  this  re-examination  in  Morrison 
county  was  to  determine,  if  possible,  whether  the  Little  Falls 
slate  be'Taconic  or-Archean.  There  seem  to  be  several  strong 
points  indicating  it  is  of  the  Archean,  viz: 

1.  The  garnets  and  the  general  micaceous  composition  of 
the  Little  Falls  slate  point  to  its  identity  in  age  with  the  stau- 
rolitic  and  garnetiferous  mica  schist  at  Pike  rapids. 

2.  The  existence  of  the  nodules  of  quartz  dioryte  in  the 
Little  Falls  slates,  and  the  petrographic  relation  they  bear  to 
the  laminated  dioryte  at  "the  point,"  indicating  a  close  conneC' 
tion  in  age  and  metamorphic  transformation  between  the  slate 
and  the  dioryte,  show  that  both  rooks  have  suffered  a  greater 
change  through  some  general  or  regional  crystallizing  force 
than  has  been  found  in  Minnesota  for  any  strata  of  the  Taconic. 

3.  Toward  the  eastward  from  Little  Falls  the  rocks  are 
granitic,  so  far  as  they  appear  above  the  drift,  not  allowing 
any  great  extension  of  arly  schists  or  slates  in  that  direction, 
and  toward  the  west,  so  far  as  known,  all  the  outcrops  show  a 
more  crystalline  rock  than  is  known  at  aay  place  in  the  Taconic. 
It  would  appear  as  if,  generally,  toward  the  west  the  rocks  are 
of  the  Keewatin  or  the  Vermilion  age,  and  that  toward  the  east 
they  may  be  of  Laurentian. 

4.  The  fine  mica  schist  seen  some  miles  below  Pike  rapids  (S, 
E.  i  N.  W.  1  sec.  30,  128-29)  contains  nodules  of  quartz  dioryte 
that  are  indistinguishable  from  those  that  occur  conspicuously 
in  the  slates  at  Little  Falls. 
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6.  There  is  therefore  a  general  alliance  between  all  the  ont- 
cropB  from  Ilittle  Falls  southward  that  requires  them  to  go  al- 
together into  the  same  formation,  whether  Arcbeao  or  Taoooic. 
It  is  therefore  most  likely  that  they  all  belong  in  the  mica 
schist  belt  (Coutchiching  or  Vermilion)  of  the  Archean. 

[Note  on  the  water  poiMr  at  Little  f  alb.— Mr.  H.  U.  Williams  stAteo  that 
there  Is  more  water  power  at  Little  Falls  tbaa  at  HlnDeapolls,— i.  e.,  that 
there  Is  more  water  passing  overthe  dam  at  the  former  place.  Last  win- 
ter, while  the  water  power  company  at  HiDneapolls  had  to  shut  oft  all  - 
leases  beyond  eleven  mtll-powere,  owiog  to  the  low  stage  of  the  water,  at 
Little  Fallo  the;  were  ruanlng  13-15,  Including  wastage  at  the  dam.  The 
fall  at  the  dam  at  Little  Falls,  Is  20  feet;  from  the  canals  It  must  be  a' 
little  more.  At  Minneapolis  the  perpendicular  natural  fall,  at  the  falls. 
Is  about  16  feet,  and  bj  the  dam  and  the  canals,  In  the  turbine  wheels 
it  is  made  to  be  about  62  feebi  If  it  Is  demonstrated,  as  it  ap- 
pears to  be,  in  the  opiolon  of  Hr.  Williams,  that  more  water  passes 
Little  Falls  than  St.  Anthony  falls,  It  is  a  remarkable  and  Interesting 
fact,  and  can  only  be  eiplalned  by  supposing  the  water,  after  passing 
Little  Falls,  enters  the  St-  Croix  and  St.  Peter  saadHtones,  both  of  which 
cross  the  river  in  their  strike,  between  the  two  points,  and  both  of  which 
afford  abundant  artesian  water  at  more  southern  points.] 


THE   MESABI  RANGE. 

At  the  Hale  mine  men  have  lately  found  (July,  1693),  a  soft 
ore  at  36  feet  below  the  surface.  The  rock  struck  at  first  is 
taconyte*,  a  grayish,  cherty  rock  which  is  abundant  on  the 
Mesabi  range,  in  connection  with  the  ore.  In  larger  quantities 
this  rock  frequently  overlies  important  beds  of  hematite.  It 
is  also  frequently  brecciated;  as  a  rock  it  varies  from  cherty 
jasper  to  hard  ore,  and  in  some  positions  it  appears  to  have 
been  the  rock  which  has  been  changed  to  ore,  sometimes  more 
evidently  to  a  hard  hematite  than  to  a  soft  ore.  The  figure  be- 
low (Fig.  8)  shows  the  geological  situation  at  the  Hale  mine. 
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Fio.  S.— Hotth  &ad  south  sectloD  at  the  Hate  mine. 

*  ThliDamewuHuggMtAdbr  Hr,  H.  V.  Wluahell.fortbeoherty.orBlIiceouh,  grar 
rock  vblah  In  maor  pisoes  upiieara  to  have  beoD  the  ba«U  trorn  wblcb,  by  a  ptogcM- 
live  obaoge  to  humatlte.  the  ore  depoaEta  o(  the  range  bare  been  formed.  The  raolc 
hasnot  ret  received  an  accuratedeacrlptlon,  butU  reoogaliable  by  any  aeologlat  who 
visits  the  region. 
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At  the  Oincinnati  mine  thirteen  shafts  or  pita,  have  been  sank 
(March  5th,  1892),  which  disclose  Boft;  hematite  ore.  Their 
distribatioQ,  as  indicated  hj  the  captain  in  charge,  is  shown  on 
■the  small  map  below,  figure  9,  which  represents  section  2,  58-16. 
These  pita  vary  in  depth  from  50  to  75  feet,  and  are  reported 
to  contain  ore  of  merchantable  quality  ranging  In  thickneas 
from  five  feet  to  fifty  feet.  Nos.  1,  2  and  8  struck  a  sand-rock, 
while  two  others,  near  the  center  of  the  section,  encountered 
slates,  i.  e.,  the  well-known  black  slate.  A  portion  of  the 
Biwabik  mine  is  in  the  extreme  N.  W.  comer  of  the  section. 
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Merriit. 

Fia.  e.-Tbe  ClDolDuatl  mine,  section  2,  se-18. 

In  July,  when  a  aecond  visit  waa  made  to  the  Cincinnati  mine, 
the  situation  was  somewhat  changed.  Fits'  Nos.  2  and  3  were 
extended  through  the  ore,  and  the  underlying  rock  waa  found 
to  be  a  sandy  quartzyte,  rather  soft,  for  two  feet  in  No.  2,  and 
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-in  chunks  Id  No.  3,  for  two  feet.  Pit  No.  8  was  70  feet  deep, 
the  bottom  below  60  feet  being  in  a  quartzyte  containing  a  little 
jasper,  making  a  banded  quartzyte.  This  rock  is  flat,  with  ore 
between  the  layers.  It  is  "altogether  different  from  the  lower* 
quartzyte."  Shaft  No.  3  has  45  feet  of  ore,  and  No.  2  has  35  to 
40  feet.  Shaft  No.  4  had  a  bed  of  rock,  or  a  bunch  of  taconyte 
eight  feet  in  thickness  lying  in  the  ore.  Shaft  No.  9  went  down 
75  feet,  with  45  feet  of  "paint  rock"  and  ore  alternating.  Wa- 
ter then  stopped  the  work.  Shaft  No.  10  is  100  feet  deep, 
having  mixed  ore  and  paint  rock,  something  like  No.  9.  Shaft 
No.  11,  300  feet  west,  is  65  feet  deep,  and  has  25  feet  of  ore  like 
the  other,  10  feet  of  paint  rock,  10  feet  of  ore,  5  feet  of  paint 
rock,  lying  on  the  quartzyte  which  dips  25°  westward.  Shaft 
No.  12  Is  96  feet  deep.  Struck  no  rock  but  has  45  feet  of  good 
brown  ore,  and  ten  feet  of  paint  rook,  with  ore  again  below. 
Shaft  18  is  down  40  feet,  and  struck  black  slate,  not  worked 
further. 

The  "banded  quartzyte"  in  No.  8  shaft  on  examination 
proves  to  be  a  form  of  the  taconyte  generally  overlying  the  ho- 
rizon of  the  ore  and  of  the  true  granular  quartzyte.  The  '  "black 
slate  "  of  shaft  13  is  probably  the  lowest  part  of  the  black  slate 
horizon,  but  it  is  not  slate,  nor  slaty.  It  is  dark,  nearly  black, 
varying  to  greenish  to  grayish,  a  fragmental  rock  entirely,  so 
coarse  as  to  be  conglomerate  (1689).  While  very  siliceous,  the 
silica  is  in  the  form  of  flint  pebbles,  and  more  or  less  angular 
pieces,  and  a  little  chalcedonic  silica  (i  e.,  minutely  granular 
like  the  silica  of  the  jaspilyte).  It  also  has  rounded  pebbles  of 
a  dark,  softer  rock,  more  like  some  of  the  thicker  slate  beds 
into  which  the  slates  graduate  upward.  Most  of  the  rock  in 
places  is  made  up  of  these,  and  in  finer  condition  they  also  act 
as  cement  for  the  coarser  portions.  But  pervading  the  whole 
and  filling  the  smaller  interstices  is  black  magnetite  in  such 
amount  as  to  disturb  the  needle  markedly. 

Combining  these  observations  with  those  made  at  Wicks' 
camp  (May  8),  the  downward  succession  seems  to  be,  for  the 
rocks  of  the  Animikie  in  the  Mesabi  range,  as  follows: 

General  section  of  the  Mesabi  range  rocks. 

1.  Black  sUtea,  often  magnetltlc    Thickness  unkDOWD,but  very  great. 

2.  CoDglcmerattc  portion  of  the  black  slates,  often  magnetitlc  (1639  and 

some  part  of  No.  4  of  Wicks'  drill.)  This  Ix  not  easy  separable  from 
the  next,  and  to  some  places  Is  confused  with  the  next,  or  graduates 
iDto  It.    Thickness  may  be  20  feet. 
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3.  Tacoafte  horizon,  mixed  with  ore  or  graduattDg  loto  ore,  often  styled 

"cap-rock,"    Thlckoess  5  to  60  feet. 

4.  Theore  horizon,  sometimes  encroached  oa  by  No.  3.     Thickness  10 

to  50  feet. 

6.  Fine"cha)cedonic"  quartzytea.  In  some  places  this  Is  Dot  found, 
but  when  it  is  present  it  seems  to  occupy,  in  part  at  least,  the- 
horizon  of  No.  i  .(No.  6  at  Wicks').    Thickness  at  WlcIfS'  17  feet. 

6.    Rounded,  granular  quartzyte.    Thickness  20  to  too  feel. 

T.    Basal  cODslomerate.    Thickness  5  to  10  feet. 

The  non-conformable  underlying  formation  may  be  any  part 
of  the  Archean,  even  the  iron-bearinj;  portion  of  the  Keewatin; 
and  the  basal  conglomerate  in  consequence  assumes  various 
lithologf  and  composition. 

In  the  bottom  of  shaft  Mo.  2  at  the  Cincinnati  is  a  disinte- 
grated quartzyte  (16S0).  The  grains  are  angular  and  sub- 
rounded.  There  is  here  no  jaspilyte,  as  at  Prairie  rapids, 
and  at  Gunflint  lake,  but  the  saud  is  stained  with  iron  and 
manganese  oxides.  N.  W-  from  pit  No.  2,  400  feet,  another 
pit  struck  "chalcedonic"  quartzyte,  irregular  and  twisted,  as- 
sociated with  a  sandstone  and  acoaglomeraticmass,  sometimes 
kaolinic. 

Further  north,  250  feet,  is  a  pit  in  greenstone,  and  at  150  feet 
north  of  pit  No.  1  is  a  pit  in  sandstone. 

In  general,  so  far  as  can  be  seen  at  the  Cincinnati,  there  is  a 
jaspilitic  silica  oaly  near  the  bottom  of  the  Pewabic  quartzyte. 
A  pit  was  seen  at  the  Hale  mine  which  struck  the  greenstone. 
It  was  all  reddened  by  oxide  of  iron,  but  it  had  the  schistose 
structure  and  the  texture  of  the  Keewatin;  however,  at  the 
Cincinnati  mine  the  greenstone,  where  struck,  is  still  green, 
and  unaffected  by  transference  of  iron  from  the  upppr  horizon. 
Another  pit,  at  the  Cincinnati  mine,  struck  a  phase  of  the  Pe- 
wabic quartzyte  not  often  seen.  The  rock  was  greenish  and 
hard,  and  flne-grained,  but  evidently  laminated  by  sedimentary 
stratification.  It  had  been  mistaken  by  the  superintendent  for, 
greenstone.  This  phase  here  is  near  the  basal  conglomerate, 
and  in  grain  it  resembles  that  seen  at  Wicks'  (No.  1632),  though 
its  color  is  usually  not  pinkish.  In  the  form  of  boulders  it  is 
quite  common  on  the  surface,  weathering  nearly  while,  so  as  to 
resemble  marble. 

The  rock  taconyte  prevails  along  the  eastern  part  of  the 
the  Cincinnati,  and  probably  in  the  eastern  part  of  the  section, 
the  ore  becoming  more  and  more  abundant  in  the  western  pits. 
There  are  so  many  pits  scattered  through  this  region  that  it 
gives  the  impression,  the  rock  and  dip  being  uniform,  (with  one 
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exception),  that  the  ore  originated  from  a  grand  change  in  the 
taconyte  rock  toward  the  west.  Further  observation,  however, 
is  needed,  to  demonstrate  this. 

7%«  Mwabik  mine.  The  adjoining  figure  shows  the  three 
"forties"  on  which  this  mine  is  located,  and  the  positions 
of  the  various  shafts  here  mentioned,  as  they  appeared  July 
19,  1892. 
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F)0   IS.-Hnp  of  the  Biwablk  mine,  3a\j  10,  1BB2. 

Shaft  18  has  the  following  section:  surface,  36  ft.;  paint 
rock  18  ft;  mixed  ore  and  punt  rock,  34  ft.;  purple  paint 
rock  (56  Pe.),  8  ft. ;  yellow  ochre,  4  ft. ;  total,  100  ft. 

An  average  analysis  of  ores  from  shaft  13  was  made  by  E.  E. 
Brewster,  with  the  following  results.  This  included  the  upper 
"paint  rock,"  and  "mixed  ore  and  paint  rock."  Iron.  50.05; 
Phosphorus,  .049.  The  upper  paint  rock  alone  gave:  Iron, 
46.10;  Phosphorus,  .041;  Silica,  14.44,  being  still  a  bessemer  ore. 
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Shaft  15  has  the  following  section:  surface,  SO  ft;  paint 
rock.  13  ft.  (44  p.  c.  Fe.) ;  yellow  ochre,  7  ft  (62  p.  c.  Fe. )  ; 
blue  and  red  ore,  7  ft;  soft  blue  ore,  27  ft  (67  p.  c  Fe.);  brown 
ore,  22  ft,  litnonite  (tJ3.20  p.  c.  Fe. )  Stopped  here  on  account 
of  water.  At  the  depth  of  85  ft.  a  drift  was  in  "  soft  blue  ore  " 
in  a  N.  &.  direction,  and  another  was  run  south.  The  former 
was  extended  150  ft  from  the  shaft,  and  the  latter  45  ft.  They 
only  found  the  same  ore  as  at  the  shaft.  Five  hundred  tons  of 
the  blue  ore  were  taken  out,  and  now  lie  in  the  stock  pile.  An 
average  analysis  of  the  ore  in  shaft  15  gave  Messrs.  Rattle  and 
Nye  66.5  of  iron,  and  E.  B.  Brewster,  65.40  Fe.,  .034  Ph.  the 
complete  analysis  from  shaft  15  gave  the  following  result,  by 
W.  E.  Rice,  of  Newcastle,  Pa. : 

Metallic  iron, 69.051       Alumina, 3O0 

Silica, 1.340       Manganese, 130 

PhoaphoTUB, 0. 168       Magnesia  , : 072 

Shaft  No.  17  has  the  following  section;  surface  28  ft.;  paint 
rock,  16  ft;  yellow  ochre  (some  brown  ore),  17  ft;  blue  and 
.brown  ore  mixed,  46  ft  An  average  analysis  from  this  shaft 
was  made  by  E.  P.  Jennings,  Hurley,  with  the  following 
result;  iron,  63.25;  phosphorus,  .082. 

Shaft  19  has  the  following  section;  surface,  52  ft;  mixed 
surface  and  ore,  2  ft. ;  brown  ore,  12  ft. ;  "sand,"  2  ft ;  soft  ore, 
(blue  and  brown),  6  ft;  soft  blue  ore,  12  ft;  brown  and  blue 
ore  (hard),  6  ft;  soft  blue  ore,  13  ft;  brown  ore,  2  *t;  total, 
107  ft     This  entire  shaft  is  dry. 

An  average  analysis  by  Brewster  from  the  first  20  feet  in 
fehaft  19.  gave  the  following  result:  Iron,  64.35;  phosphorus, 
.045.    The  next  ten  feet  gave,  iron,  65.95;  phosphorus,  .047, 

Shaft  No.  20  has  the  following  section;  surface,  5  ft. ;  brown 
ore,  19  ft ;  hard  blue  ore,  11  ft. ;  brown  and  blue  ore,  8  ft ;  hard 
brown  ore,  10  ft;  soft  brown  ore,  mixed  with  some  blue.  17  ft.; 
brown  ore,  1  ft;  stopped,  no  water.  Analyses  (average)  from 
this  shaft  gave  Brewster:  first  15  feet;  iron,  62.40;  phosphorus, 
,065.  The  next  IQ  feet  gave  iron,  62.40;  phosphorus,  .068. 
The  next  10  feet  gave  iron,  63.30;  phosphorus.  .068.  The  next 
10  feet  gave  iron  58.65;  phosphorus,  .104,  and  the  next  10  feet 
gave  iron,  60.20;  phosphorus,  .081. 

Shaft  21  has  the  following  section;  surface,  6  ft.;  brown  ore 
and  yellow  ochre,  20  ft ;  hard  blue  and  brown  ore,  8  ft ;  soft 
blue  ore,  clean.  8  ft ;  brown  aud  blue  ore,  4  ft ;  soft  blue  ore, 
10  ft;  brown  ore,  10  ft;  blue  and  brown  ore,  7  ft  Stopped, 
no  water. 
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Average  analyses  by  Brewster  gave  the  following  results 
from  this  shaft: 

First  flftesa  feet,  IroD,  60.85;  Phospbonis,  .097. 
Next  teo  feet,   Iron,    62.50;  Pbospborus,  .063. 
Next  tea  feet,    Iron,    63  45;  Pbospburus,  .029. 
Next,  ten  feet,    Iron,    62.25;  Pbospborus,  .061. 
Next  ten  feet.    Iron,    63.45;  Phosphorus,  .038. 
Shaft  21  has  56  feet  of  ore,  varying  from  blue  to  brown,  ez- 
.cepticg  five  feet  of  taconyte,  the  brown  being  about'three  or 
four  feet  at  the  bottom.     This  shaft  apparently  also  has  a  bed 
of  soft  manganese  at  the  depth  of  94  feet. 

Shaft  24  has  a  "surface"  of  29  feet,  and  about  50  feet  of  blue 
oi-e,  brownish  at  the  bottom,  still  sinking. 

Shaft  25  is  a  repetition  of  shaft  13,  with  the  exception  that  a 
blue  ore  appears  below  the  yellow  ochre,  at  the  bottom,  and 
the  ochre  was  found  to  be  13  feet  thick.  This  gives  reason  to 
expect  that  the  blue  ore  of  shaft  15  will  yet  be  found  below  the 
bottom  of  shaft  13. 

Shaft  26  has  the  following  section:  surface,  23  ft.;  yellow 
ochre,  10  ft. ;  brown  and  blue  ore,  4  ft. ;  soft  blue  ore,  81  ft ; 
brown  ore,  2  ft.  (Just  touched);  total,  70  ft. 

Analyses  were  made  from  this  shaft  with  the  following  re- 
sults: 

First  ten  feet  In   ore,  Iron,  60.65;  Pbosphoma,  MB. 
Second  ten  feet  in  ore.  Iron,  64.10;  Phosphorus,  .012. 
Third  ten  feet  in  ore.  Iron,  66.6S:  Phosphorus,  .025. 
It  is  noted  by  Mr.  Jones  that  there  is  a  body  of  soft  blue  ore 
of  highest  grade,  between  two  beds  of  hydratedore,  as  shown  in 
all  the  sections. 

Near  the  town  line,  in  the  extension  of  the  line  between  sec- 
tions 2  and  3,  a  shallow  pit  struck  green  siliceous  rock,  evidently  a 
part  of  the  quartzyte.  It  is  similar  to  the  greenish  schists  and 
slates  lying  south  of  the  quartzyte  foot  wall  at  the  Aurora  mine 
on  the  Gogebic  range.*  It  is  a  slaty,  gray  quartzyte.  in  part, 
brittle  and  sharp,  and  in  part  it  is  soft,  greenish  and  largely 
made  up  of  debris  from  the  underlying  greenstone,  with  seri- 
cite  and  argillyte.  Much  of  it  cannot  be  called  quartzyte.  How- 
ever, it  is  apparently  nearly  on  the  horizon  of  the  fine-grained 
phase  of  the  quartzyte  seen  at  "Wicks'.  Here  it  is  below  a 
coarser  sand  rock,  but  at  Wicks'  it  was  reported  by  Wicks  to 
be  above  the  principal  mass  of  coarse  sand  rock. 


'Oompitre  isth  Report  ol  tba  Ulnnesota  Burrey,  p.  5i 
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The  following  complete  analyses  was  made  of  the  Biwabik 
ore  by  Frank  D.  Grolaugh  (Stewart  Iron  Co. ): 

IroD 66.864 

Fbospboiua 009 

Alumina 840 

SiUca .880 

Lime 041 

Manoaaese 100 

Sulphur 030 

Magnesia 021 

Loss  at  red  heat 2.000 

Titanium None. 

Arsenic Hone. 

Copper None. 

Chromium None. 

The  Biwabik  apparently  has  ore  on  three-fourths  of  two 
forties,  an  average  of  50  feet  thick.  Allowing  ten  cubic  feet 
for  one  ton  of  ore,  the  amount  of  ore  "in  sight"  is  found  to  be 
fl,905,000  tons.  This  is  a  conservative  calculation.  The  ore  Is 
often  60  feet  thick,  and  even,  in  one  case,  68  feet  in  thickness, 
and  there  is  great  probability  that  the  ore  underlies  more  than 
one  and  a  half  forties.  Mr.  Jones,  under  whose  guidance  the 
foregoing  facts  we're  ascertained,  estimated  the  total  ore  "in 
sight"  at  eleven  millions  of  tons,  and  others  have  made  it  as 
high  as  twenty-three  millions. 

The  Chicago  mine  is  on  sec.  4,  58-16.  The  land  of  this  com- 
pany is  outlined  on  the  following  sketch  map,  fig.  11. 


"■fioii-tWiv 
11.— Outline  map  at  the'Ohlcago  Co.'s  l&nd,  Julf,  U 
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The  Chicago  company'e  laud  was  visited  July  20  and  21, 1892, 
and  the  ezaminatioD  was  made  under  the  'guidance  of  captain 
'Johiuon.  It  was  a  pretty  thorough  examination,  all  the  trial 
pits  and  shafta  having  been  visited.  On  the  accompanying- 
figure  a  few  of  these  pits  are  shown,  viz.,  such  as  were  import- 
ant as  to  some  geological  features  disclosed.  The  only  ore 
body  found  is  near  the  eastern  side  of  the  property,  where  nine- 
feet  of  good,  soft,  blue  ore  was  found  in  a  pit.  It  lay  within 
the  taconyte  rock,  having: — 

Surface 15  ft. 

Taconyte.. 17  ft, 

TacoDyte,  with  ore  Id  lumps 10  ft. 

Soft,  blue  ore 9  ft. 

Tacooyte 12  ft. 

But  this  shaft  was  abandoned  at  63  feet  because  there  was- 
no  return  of  ore  on  going  deeper,  and  because  the  shaft  had 
not  been  well  prepared  for  working  deeper  with  safety.  At  a 
later  date  Mr.  Johnson  reported  that  he  had  begun  a  drift  in 
this  shaft  alt  the  level  of  the  ore,  about  50  feet  below  the  sur- 
face, and  he  found  the  rocks  dipping  at  an  angle  of  about  30 
degrees  toward  the  west,  and  that  the.  ore  apparently  was  in- 
creasing in  amount. 

In  the  course  of  the  examination  of  this  tract  it  was  observed 
that  the  taconyte  comes  close  upon  the  quartzyte,  in  separate- 
pits,  with  little  or  no  ore,  at  least  in  some  places.  This  oc- 
curs at  the  eastern  and  western  extremes  of  the  property,  and 
there  is  nothing  shown  by  the  intervening  pits  to  indicate  any 
probability  of  a  change.  This  examination  also  tends  to  estab- 
lish some  principles  respecting  the  ore  bodies. 

1.  The  soft  pre  occurs  in  the  midst  of  the  taconyte  rock, 
though  I  had  believed  that  it  occurred,  when  in  considerable 
amount,  first  at  the  bottom  of  the  taconyte. 

2.  The  taconyte  is  separated  from  the  quartzyte  by  a  thin 
stratum  of  hard  brown  ore. 

3.  There  is  a  stratum  of  hard,  fine-grained  quartzyte,  simi- 
lar to  the  pinkish  quartzyte  at  Wicks',  embraced  in  the  basal 
quartzyte  (1696).  This  seems  to  be  the  same  as  that  detected 
at  the  Cincinnati  and  Biwabik  mines. 

4.  The  first  phase  of  the  quartzyte  below  the  ore  is  coarse 
and  rather  loose,  as  at  the  Colby  and  Aurora  mines  on  the 
Grogebic  range. 

5.  It  is  fine-grained,  becomes  slaty  and  sometimes  appar- 
ently sericitic,  but  hard  and  brittle,  at  a  lower  level.    In  this 
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condition  it  is  gray  or  green,  and  might  be  styled  novaculyte, 
similar  to  that  lying  below  the  mass  ol  quartzyte  at  the  east 
end  of  Teal  lake  at  Negaasee. 

6.  The  rock  all  about  the  Chicago  property  is  nearly  flat, 
and  is  unfavorable  for  the  progress  of  the  change  which  has 
been  supposed  to  have  produced  the  ore,  and  so  far  this  father 
confirms  that  hypothesis. 


The  McKinley  mine,  July  21,  1892. 

On  the  accompanying  sketch  map  the  various  shafts  and  pits, 
as  referred  to  here,  are  located.  Many  others  which  revealed 
□othing  important  are  not  n6ted. 


Fia.  IS.— McKinley  mlueB. 

Pit  No.  1,  the  first  one  sunk,  has  18  feet  of  ore,  with  no  taco- 
nyte  overlying.      It  is  40  feet  deep  and  stopped  in  the  ore  body. 

Pit  No.  2  passed  through  the  hard  pan  down  to  the  ore.  No 
capping;  42  feet  deep. 
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Pit  No.  3.  Surface,  7  ft.;  capping,  5  ft.;  ore,  57  fL;  stopped 
Id  ore;  much  water  at  the  bottom. 

Pit  No.  4.  Surface,  11  ft ;  mixed  ore  and  taconyte,  29  ft. ; 
ore,  25  ft.;  still  in  ore;  much  water. 

Pit  No.  5.  Surface,  20  feet;  capping,  none;  ore,  30  feet; 
taconyte,  12  feet;  ore,  1  ft;  expect  to  resume. 

Pit  No.  6.  Surface,  60  ft;  ore,  8  ft.;  incomplete  from  bad 
weather;  will  resume. 

Pit  No.  7.  Surface,  12  ft ;  broken  taconyte,  26  ft. ;  no  ore 
yet 

At  the  '  'old  camp"  a  well  struck  a  '  'red  grindstone  rock, "  but 
no  samples  were  preserved.  It  may  be  a  rusted  condition  of 
the  Pewabic  quartzyte,  or  it  may  be  some  Cretaceous  sandstone. 

The  map  shows  the  line  of  strike  of  a  taconyte  body,  the 
*  outcropping  bluff  facing  north  and  running  northeastwardly, 
and  below  it  all  the  ore  thus  far  found  in  section  8  has  been 
found.  At  the  present  camp  ( see  &g.  12)  a  well  was  dug  in  black 
slates  8  to  10  feet.     The  well  is  32  feet  deep. 

On  some  of  the  McKinley  land  the  black  slates  appear,  and 
at  the  well  at  the  new  camp,  bhey  give  a  water  carrying  sul- 
phuric acid,  evidently  derived  from  the  oxidation  of  pyrite, 
which  is  in  the  slates  in  crystalline  form.  -  In  a  pit  further 
north  the  rock,  which  is  apparently  of  the  black  slates,  is 
somewhat  different,  resembling  some  of  the  so-called  ash-beds 
of  the  Cupriferous. 

The  ore  pits  south  of  the  camp,  near  the  townsite  of  McKin- 
ley, are  probably  all  above  the  main  ore  body.  It  would  re- 
quire some  unexpected  break  or  irregularity  in  the  strike  of 
the  taconyte,  to  cause  the  appearance  of  considerable  ore  de- 
posits in  that  locality,  as  the  surface  is  probably  not  only  above 
the  ore  body  but  also  above  the  main  taconyte. mass.  It  is  the 
opinion,  however,  of  Capt  Hill,  that  there  may  be  important 
ore  deposits  on  the  present  townsite.  It  ■was  reported  that  a  bed 
of  20  feet  of  ore  had  already  been  discovered  in  this  vicinity  and 
that  it  was  likely  that  the  townsite  would  be  changed  to  some 
other  place.  On  examining  this  ore  it  was  seen  to  be  quite  dif- 
ferent from  that  known  to  occur  at  the  lower  horizon.  It  is 
lean,  hard  and  soft  (ochery),  mixed  with  some  green  clay,some 
slaty  portions,  some  magnetitic,  and  altogether  as  yet  non- 
merchantable.  It  may  be  possible  to  get  a  bed  of  ore  in  there, 
but  as  it  would  be  on  a  new  and  higher  horizon,  it  would  be 
a  new  thing  and  indicate  a  great  increase  in  the  possibilities  of 
the  range. 
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Fig.  U-Uesabi  Mountain,  Security,  Vlrglulaj 


Mesahi  Mountain,  Security,   Virginia,  etc. 

The  accompanying  sketch  shows  the  relative  positions  of 
these  properiies,  and  some  of  the  pits  that  had  been  sunk  to 
July,  1892.  Here  the  dip  is  reversed  from  that  usually  met 
with  on  the  Mesabi  range.  The  rock  bearing  the  ore  lies  on 
the  N.W.  slope  of  a  greenstone  ridge,  which  is  a  spur  of  the 
general  greenstone  area  further  north,  and  has  a  N.W.  dip, 
varying  from  N.W.  to  12  degrees  south  of  west,  amounting  to 
5  to  15  degrees.  In  the  axes  of  these  ridges  granite  fre- 
quently is  found  to  take  the  place  of  greenstone.  la  sections 
15  and  14  the  bluffs  of  Pike  river  are  precipitous  and  high  with 
cliffs  of  greenstone,  the  precipitous  cliffs  usually  facing  E.  and 
S.E.  The  same  kind  of  surface  is  in  sec.  29,  in  the  same  town. 
From  some  of  these  hills  of  greenstone  it  is  reported  that  the 
eye  controls  a  vast  country  toward  the  south. 

Id  this  region  some  interesting  observations  were  noted. 
Mr.  W.  J,  Merrit^,  w.ho  is  in  charge  of  the  Mesabi  Mountain 
property,  is  of  the  opinion  that  the  main  ore  deposit  lies  above 
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the  taconyte  rock,  tlius  agreeing  with  some  evidence  tendinis 
to  t^e  same  conclusion  already  noticed  at  the  McKluley  mine 
This  opinion  is  based  on  some  general  observations  made  by 
him  on  the  geographic  relations  of  those  trial  pits  in  which  ore 
has  been  found  compared  with  those  which  do  not  contain  ore, 
but  have  encountered  the  rock  taconyte. 

The  following  notes  describe  the  pits  represented  on  Sg.  13. 

First,  Afesabi  Mountain.^ Aa  given  by  Mr.  Merritt  or  his  su- 
perintendent, pit  No.  1  encountered  taconyte  after  passing 
through  three  feet  of  good  ore;  pit  No.  2  struck  what  is  known 
as  taconyte  and  to  which  was  given  the  local  designation 
"Stove-plate  rock"  by  the  workmen;  it  was  very  ferruginous 
and  resembled  ore,  but  In  thin  and  brittle  sheets;  pits  Nos.  3 
and  4  encountered  a  fine  blue  ore;  pit  No.  5  struck  red  ore;  pit 
No.  6  encountered  a  peculiar  irony  gravel,  supposed  by  the 
superintendent  and  others  to  be  from  an  old  pre-glacial  gorge 
cutting  the  iron  ore  beds;  pit  No.  7  encountered  a  black  ore, 
good  quality,  and  No.  8  had  blue  ore. 

Some  of  these  pits  are  from  50  to  75  feet  deep  and  have, 
sometimes,  50  or  more  feet  of  nice  clean  ore. 

The  supposed  glacial  gorge  represented  on  the  sketch  map 
(fig.  13)  passes  from  the  Lone  Jack  property  onto  the  Mesabi 
Mountain,  and  is  considered  to  be  a  v«ry  uncertain  hypotheti- 
cal explanation  of  the  existence  of  certain  gravel.  It  may  be 
that  there  is  a  gorge  in  the  rocks  running  about  as  supposed, 
but  the  gravel  may  be  of  Cretaceous  age  rather  than  post  gla-. 
cial.  The  gravel  itself  exhibits  every  feature  of  a  promiscuous 
fragmentary  accumulation.  Some  of  it  is  completely  made  up 
of  ore  like  that  of  the  region,  but  of  rather  low  grade,  and 
some  of  it  is  apparently  derived  from  a  rock  but  little  affected 
by  ferric  oxide.  It  seems  to  vary  exactly  as  the  rock  of  the 
country  does,  that  is,  it  is"'lean"  or  not,  and  its  different  con- 
stituents can  be  referred  entirely  to  the  country  rock  adjacent. 
The  further  phenomena  of  this  gorge  will  only  be  revealed  by 
the  mining  operations  that  are  sure  to  follow.  At  the  present 
time  this  gravel  is  simply  overlain  by  the  common  till  and 
graduates  rather  abruptly  upward  into  an  irony  till  and  then 
into  a  gray  till.  The  pebbles  are  cemented  together  by  a  coat- 
ing of  ferric  oxide  deposited  on  them  since  they  were  placed 
in  their  present  position,  indicating  the  later  supply  of  some 
water,  in  large  amount,  capable  of  parting  with  iron  oxide. 
Some  of  the  pebbles  have  an  irony  crust  harder  than  the  inter- 
ior, and  from  the  crust  toward  the  center  there  is  an  increase 
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of  coarseness  of  texture,  even  becoming  somewhat  spongy,  in- 
dicating some  progressive  change  from  the  circumference  to- 
ward the  center,  the  whole  pebble,  however,  becoming  good 
Bessemer  hematite;  but  such  pebbles  are  not  common.  The 
great  mass  of  the  gravel,  some  of  it  being  coarse  as  walnuts, 
consists  simply  of  very  irony  rock  of  some  sort,  of  very  uni- 
form grade  throughout.  It  does  not  appear, that  the  gravel 
has  become  ferruginated  to  any  great  degree  since  its  deposi- 
tion as  gravel.  The  ferruginous  surface  film  is  nothing  more 
than  such  as  might  be  found  on  any  exposed  surface  over 
which  the  waters  of  this  region  might  pass. 

In  the  Lone  Jack  property  in  one  pit  the  gravel  was  found  to 
be  35  feet,  and  below  that  a  flue  blue  ore,  continuous  to  a  total 
depth  of  102  feet.  The  other  pit  has  gravel  ore  66  feet  and 
goes  no  deeper. 

Second,  S&mrity. — Two  lines  of  trial  pits  had  been  run  by  the 
superintendent,  J.  M.  Huggins,  north  and  south  across  the 
north  forty  of  this  property,  which  revealed  some  interesting 
facts  as  to  the  relations  of  the  ore  to  the  rock  taconyte.  The 
second '  series  also  extends  over  onto  the  south  forty.  The 
eastern  series  includes  the  following  pits  from  1  io  fi  inclusive. 
In  these  pits  a  large  body  of  purple  ore  has  been  developed  at  a 
short  depth  below  the  surface.  The  other  series,  which  lies 
furtbecwest,  including  6,  7,  8,  9  and  10,  encountered  generally 
nothing  but  rock,  though  in  some  cases  overlain  by  ore,  reach- 
ing a  thickness  of  "6  to  9  feet;  yet  in  No.  9,  which  really  lies 
further  east  than  the  rest,  Mr.  Huggins  reported  that  he  found 
an  alternation  of  good  ore  and  taconyte,  about  one-half  being 
ore,  the  beds  of  which  were  one  to  two  feet  thick.  At  the  pit 
No.  ]0  of  this  series  careful  measurement  was  made  of  the  dip 
of  the  taconyte,  the  resalt  being  10"  to  15°  west,  10*  north, 
by  compass. 

The  facts  seem  to  show,  so  far  as  the  Security  property  is 
concerned,  that  the  strike  of  the  ore  and  rock  is  about  north  and 
south,  or  a  little  northeasterly,  and  that  the  main  ore  deposits 
are  stratigraphically  below  the  taconyte.  It  seems,  however, 
that  the  ore  is  not  entirely  below  the  taconyte,  as  shown  by  pit 
No.  9,  but  it  is  interbedded  with  it.  It  also  appears  by  the 
depth  of  the  pits  in  the  western  series  that  the  main  body  of 
ore  ough£  to  have  been  struck  there  if  it  maintains  a  strati- 
graphic  relation  below  the  taconyte.  Upon  the  whole  it  is  on- 
settled  whether  the  ore  body  runs  below  the  taconyte  or  re 
suits  from  a  change  in  the  taconyte. 
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Third,  the  Virginia. — While  there  was  a  series  of  pits  along 
the  western  side  of  the  north  forty  (see  fig.  13),  evidently 
striking  the  same  body  of  tine  ore  as  revealed  on  the  Secarity 
next  west,  the  whole  dipping  west  northwest,  yet  there  was 
another  belt  of  rock  disclosed  by  a  still  further  eastward  line 
of  pits,  which  apparently  belongs  near  tbe  bottom  of  the  ore 
body  and  manifests  about  tbe  same  uncertain  stratigraphic  re- 
lations as  the  taconyte  on  the  Security.  It  was  the  occurrence 
of  this  body  of  rock,  which  was  taken  by  Mr.  Merritt  as  the 
stratigraphic  equivalent  of  the  taconyte  and  the  existence  of 
ore  above  tbe  taconyte  on  the  Security,  that  induced  him  to  re- 
gard the  ore-body  as  generally  stratigraphically  above  tbe 
taconyte  rock.  But  it  is  probable  that  this  is  not  the  strati- 
graphic equivalent  of  the  taconyte,  but  lies  below  it.  This 
rock  is  a  marked  and  persistent  stratum;  it  cannot  be  called 
taconyte;  it  is  a  hard  ore,  or  impure  jasper  conglomerate  ore 
and  furnishes  many  boulders  that  lie  all  over  the  surface  in  this 
country;  it  as  certainly  lies  below  the  main  ore  deposit  at  this 
place  as  the  taconyte  further  wast  lies  above  it.  This  stratum 
was  struck  in  pits  7  and  9.  The  dip  on  the  Virginia  was  re- 
ported to  be  12°  to  15°  west,  10°  south. 

From  pit  No.  12  on  the  Virginia  was  thrown  out  a  large 
amount  of  kaolin,  the  whole  thickness  being  16  feet.  This 
kaolin  is  in  the  midst  of  ore,  which  lies  Irath  above  and  bflow  it. 
This  ore  and  kaolin  are  intimately  associated;  they  make 
blotches  in  each  other.  The  kaolin  has  apparently  a  sedimen- 
tary structure  agreeing  with  that  of  the  rocks  of  the  region, 
and  the  hematitic  interlaminations  in  the  kaolin  are  very 
marked.  When  the  kaolin  is  massive  and  coarse  and  nearly 
white,  it  contains  balls  and  lenticular  masses  of  silica.  These 
balls  are  in  both  the  kaolin  and  in  the  red  and  hematitic  por- 
tions, which  seem  to  be  kaolin  stained  with  ferric  oxide.  They 
have  a  uniformity  of  position,  being  elongated  in  the  same  di- 
rection. There  is  usually  an  abrupt  transition  between  the 
white  and  red  colors,  but  aside  from  the  presence  or  absence  of 
ferric  oxide  there  is  no  apparent  difference  in  this  kaolin. 

To  further  establish  the  relations  of  the  ore  to  the  taconyte, 
a  special  exploration  was  entered  upon  by  Mr.  J.  W.  Merritt,  of 
the  Mesabi  Mountain  Iron  Co.,  and  Mr.  P.  W.  Scott,  of  the  New 
England  and  Virginia  mines.  The  former  has  begud  to  sink  a 
shaft  in  the  taconyte  with  the  view  of  going  through  it  or  deep 
into  it  (pit  No.  2  of  Mesabi  Mountain);  and  the  latter  has  sunk 
three  trial  pits  near  the  mutual  limit  between  the  ore  and  the 
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rock,  as  detailed  below.  This  last  trial  has  demonstrated  that 
the  rock  is  actually  converted,  on  the  same  stratigraphic  plane, 
into  ore.  The  facts  are  as  follows,  and  they  can  be  illustrated 
by  figures  14,  15  and  16: 


On  the  sketch  map  (fig.  13)  may  be  seen  the  location  of  these 
three  trial  pits,  numbered  1,  2  and  3,  on  the  Virginia  property. 
Pit  No.  1  of  this  series  encountered  black  ore  in  large  quantity 
at  the  depth  of  13  feet  below  the  surface,  the  ore  being  found 
to  be  at  least  33  feet  thick.  Numerous  other  pits  in  the  imme- 
diate vicinity  had  gone  deep  in  good  blue  ore,  one  being  the 
deepest  in  the  ore  yet  sunk  on  the  range — 102_feet;  others  were 
so  near  an  area  of  taconyte  rock  that  it  appeared  easy,  by  one 
or  two  intervening  pits,  to  develop  what  relation  exists  be- 
tween the  ore  and  the  rock.  There  is  a  distance  of  75  feet  be- 
tween pits  1  and  3  {see  fig.  14),  the  former  being  further 
north  and  46  feet  deep,  with  33  feet  of  good,  clean,  black  ore, 
and  ore  still  deeper;  the  latter  but  7  feet  deep  and  on  the  ledge. 
Then  pit  No.  2  was  sunk  at  50  feet  from  No.  1;  this  one  struck 
the  rock  at  12  feet,  dipping,  as  in  No.  3,  about  10"  or  12°  N.  N. 
W.,  or  toward  pit  No.  1.  'In  this  pit  (No.  2)  rock  exists  on  the 
south  side  and  ore  on  the  north  side  (see  fig.  15).  There  is* 
an  indistinct  trace  of  the  sedimentary  structure  in  the  form 
o£  a  thin  white  kaolinic  sheet  running  from  the  rock  well  out 
into  the  ore;  but  in  general  the  ore  part  is  disturbed  and 
sunken  down  from  the  rock.     There  are  irregular  pockets  in 
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the  rock,  coDsistJog  of  ore,  connected  with  the  main  ore  foody, 
but  the  bottom  of  the  pit  is  almost  wholly  in  ore.  The  kaoliuic 
sheets  of  the  rock  remain  white  and  distinct  as  such — even  in 
the  otherwise  changed  rock — and  show  that  the  Icaolin  ante- 
dates the  ore  as  a  native  element  in  the  formataon.  Messrs. 
Scott  and  Short  both  went  down  with  me  into  this  pit,  and  with 
pick  and  hammer  we  made  close  examination.  The  outlines  of 
the  rock  on  the  bottom  of  the  pit  and  its  appearance  on  the 
west  side  of  the  pit  are  represented  in  figures  15  and  16. 
Some  specimens  were  taken  from  the  line  of  junction  of  the 
rock  and  ore,  showing  distinctly  the  rather  abrupt  change  be- 
tween them;  the  sedimentary  beds  being  continued  from  one 
part  to  the  other  (1707). '  This  was  of  a  rather  soft  ore  and  a 
rather  soft  rock. 

Mr.  L.  W.  Ayer,  who  was  much  interested  in  this  trial,  sub- 
sequently wrote  the  following  report  as  to  further  develop- 
ments. 

MESABI  HOTJNTAm  Camf,  Aug.  7, 1892. 
Peof,  N.  H.  Wikchell,  Minneapolib,  Minn. 

Bbab  Sir:— igreeably  with  my  promise  to  keep  you  posted  as  to  the 
results  of  the  work  ia  the  pit  No.  2,  on  the  Virginia  property,  Id  the  N.E. 
corDer  of  the  N.  B.  i  of  S.  E.  i  sec.  8,  T.  58,  17  W.,  I  beg  to  report  as  fol- 
lows: 

Od  the  28tbult.,  the  day  you  left  ber^,  the  pit  was  twenty  feet  deep 
with  fourteeD  feet  surface  clay  and  boulders,  then  taconyte  apparently  Id 
transformation— the  half  of  the  pit  toward  the  northwest  or  toward  the 
ore  bed  twtng  mostly  good  ore,  though  Kenerally  oC  low  grade,  and  run- 
ning into  the  taconyte  in  almost  imperceptible  gradations. 

Id  the  next  Tour  feet  the  relations  continued  about  the  same,  the  ore  a 
little  better  perhaps. 

Id  ;the  next  two  feet  appeared  a  comparatively  high  grade  soft  ore 
mixed  with  a  llght'colored  quartz  sand. 

Next  eighteen  or  twenty  Inches— thin  layers  of  hard  ore',  low  grade,  one 
and  a  half  to  two  laches  thick,  alternating  with  sand.  When  blasted 
this  ore  broke  Into  small  fragments  from  one  to  three  Inches,  with  rec- 
tangular faces.] 

From  this  depth  (about  thirty  feet)  to  the  bottom  of  the  pit,  a  depth  of 
thirty-five  feet  In  all,  was  quartzyte,  very  slightly  "banded"  by  streaks  of 
Iron. 

Theproperty  haying  Id  the  meantime  been  leased,  the  original  inten- 
tion to  put  the  pit  down  to  determine  the  thickness  of  the  rock  and  the 
question  of  an  ore  body  under  the  rock  was  abandoned,  aod  the  pit  left 
*  as  above  stated  at  a  depth  of  thirty-five  feet,  with  the  connected  prob- 
lems still  unsolved. 

The  appearance  oC  the  pit  when  you  were  here  very  strongly  supported 
the  replacement  theory,  and  Iwas  nearly  a  convert,  but  the  later  develOp- 
ments  make  the  matter  look  uncertain  again. 

Tours  very  truly,  Ltuah  W.  Atsb. 

■---8l^ 
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It  would  appear  from  Mr.  Ayer's  letter  that  the  location  of 
pit  No.  2  was  such  that  when  the  rock  was  first  struck  it  re- 
vealed the  line  -of  transition  from  rock  to  ore,  yet  on  being  sunk 
deeper  disclosed  only  unchanged  rock  or  nearly  so.  It  is  evi- 
dent, therefore,  that  the  line  is  a  zigzag  one  and  that  the  fur- 
ther developments  do  not  throw  any  doubt  upon  the  conclu- 
sions indicated  at  first.  Had  the  workmen  followed  the  rock 
lying  to  the  north,  instead  of  going  perpendicular,  they  doubt- 
less could  have  kept  the  line  of  transition  within  sight. 

The  following  figure  (No.  17)  is  intended  to  express,  so  far 
38  revealed  at  this  visit,  the  areas  of  three  taconyte  bodies  sep- 
arated by  ore  bodies,  both  lying  nearly  horizontal.  It  is  not 
possible  that  sucb  a  relation  could  exist  without  a  local  change 
of  the  -rock  of  the  country  to  iron  ore.  It  remains  yet  to  dis- 
cover what  was  the  original  rock  and  what  were  the  causes 
of  its  transformation. 
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In  the  midst  of  these  interesting  developments  the  writer 
made  a  summary  of  the  facts  developed  on  the  Mesabi  range 
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touching  the  problem  of  the  ores  of  the  range,  and  read  the 
paper  before  the  American  ABSociation  for  the  Advancement 
of  Science.*  Sabseqnently  this  paper  was  printed  in  full  in 
the  American  Geologist,  tas  follows: 

80MB  PROBLEMS  OF  THE  MESABI  IRON  ORE4 

N.  H.  WiKOOEUi,  UlQiiekiMli*. 

COMTEHTS, 

ThemisB  of  tbeorlgln  of  ths  on  &lrekd;  propoeed. 
Borne  tacts  of  lis  mkaner  of  occurj^oce. 

Eileot  of  the  ranse. 

Kinds  ct  ore. 

The  lltxnic 
Dlfficul  ' 


Absence  o(  llmealone 

Diffusion  ol  Iron  through  fer 


preTKlenoe  of  [>erTlDuB  tsther  ihm  Impervloiu  atraU. 

EvideDtdiaDgealn  therookot  Che  counlr;,  whelher  Id  tfa«  forms  of  brecolaaad 
aravelor*i*ltu. 

Sons  IWOMBAHT  PuSTDLATeB. 

I.  TheorebnaadeflnltepoaltlOD  In  tbestratiaoatEoo. 
i.   Ills  anderlSiln  by  K  iMirouB quarter t«. 

3.  it  iBOTBTlalD  by  or  reaalu  from  obanfre  In  tMOnfte. 

4.  It  la  at  or  near  the  borlEon  al  irbtob  the  Kreat  gabbro  disturbance  1b  bellered 
to  hare  oocurred. 

5.  It  1>  asaoolated  with  much  kaoHn  or  stratiBed  sedimentary  kaolinic  rook. 

6.  At  the  same  horizon  Is  an  Important  ore  itraCumtbe  whole  lensUi  of  tberaDKe 
-at  least  ISO  miles  In  Minnesota. 

7.  In  the  near  vtolalty  of  thegabbro  Inviulon  the  ore  Is  hatdaned  and  largely 
converted  to  magnetite. 

8.  It  exISU  »tso  as  an  Important  ore  horlion  further  south,  and  beneath  180  feet 
of  blaoli  slates,  havlDK  been  struck  by  dlnniond  drill.  Similar  facta  are  reported 
from  Msnomlnee.  HIcb. 

B.   The  wholaore  bed  Is  sometimes  an  orlftlDai  breccia,  and  at  times  some  of  the 

asooclated  rook  itrata  coaalst  of  coarse  bmoelaa  and  of  congloraerateH. 
10.    No  theory  yet  proposed  tor  this  ore  Is  irholl;  acoeptahle. 

II.  If  the  asslsnment  of  the  dale  of  t^e  gabbro  to  this  horlmn  be  fully  establish- 
ed. It  would  turnlsb  a  eatuacera  for  some  of  the  iihyslcal  features,  and  would 
suraeat  an  Intimate  relation  between  tbe  are  and  the  gabtiro. 

Perhaps  there  is  no  more  important  or  more  interesting 
question,  at  present  debated,  relating  to  the  iron  ores  of  the 
Northwest,  than  that  of  their  origin  and  their  stratigraphic 
relations.  From  an  economic  standpoint,  no  less  than  from  a 
scientific,  there  could  be  no  more  important  question,  for  it  is 
not  until  the  geological  relations  and  origin  of  these  ores  are 
understood  that  proper  methods  of  mining  them  can  be  entered 
upon,  and  with  the  least  expense.  It  is  because  of  recent 
studies  in  the  field,  adding  some  new  facts  to  the  solution  of 
this  problem,  or  complicating  it  by  the  injection  of  some  new 
conditions,  that  the  writer  desires  to  review  the  elements  of 
the  problem  and  to  show  the  difSculties  that  yet  lie  in  the  way. 
It  will  be  well  to  enumerate  briefly  the  hypotheses  that  have 
been  propounded  recently,  as  an  introduction  to  this  discus- 
sion.   There  are  five. 
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1.  Subatitutkm  for  limestone.  Microacopic  examination  re- 
vealed the  existence  of  remnants  of  calcite,  or  dolomite,  in 
some  of  the  "cherts"  accompanying  these  ores  in  some 
places,  and  after  lonn;'  research  the  late  professor  Irving: 
arrived  at  the  conclusion  that  the  whole  body  of  the  ore 
horizon  was  originally  in  the  form  of  a  limestone  essentially 
a  "cherty  carbonate,"  simulating,  in  origin  and  essentiarl 
characters,  the  black-band  ores  of  the  Carboniferous.  This 
inlerentially  led  to  the  idea  of  a  great  primordial  carbonifer- 
ous age. 

2,  SubstitutUm  for  carbonate  of  iron.  Owing  to  thefrequency. 
of  such  a  change  observed  in  nature,  it  was  but  a  short  step 
to  suggest  a  carbonate  of  iron  instead  of  a  carbonate  of  lime. 
This  would  more  readily  supply  the  iron,  which  must  be  ex- 
plained, than  carbonate  of  lime,  and  at  the  same  time  would 
only  require  a  slight  change,  if  slay,  in  the  nature  of  the 
original  rock,  and  in  the  conditions  of  its  deposition. 

8.  Concentration  of  iron  oxide  from  the  decay  of  ferriferous 
schists,  or  other  rock.  When  rocks  decay,  it  makes  but  little 
difference  what  they  are,  they  part  with  their  contained  iron. 
It  may  go  off  in  solution,  if  the  proper  acids  be  present,  and 
be  gathered  as  oxide  under  ordinary  natural  drainage  and 
weathering,  in  considerable  quantities,  on  the  evaporation  of 
the  solvent  at  some  lower  level.  This  process  has  been  sug- 
gested as  the  possible  cause  of  the  accumulation  of  these  ores 
at  the  stratigraphic  horizon  where  they  occur. 

4.  Accumulation  in  troughs  formed  by  dykes  cutting  tilted  strata 
at  a  somewhat  uniform  inclination,  the  iron  itself  being  supposed 
to  have  been  carried  down  and  deposited  by  ferriferous  waters, 
replacing  a  supposed"cherty  carbonate."  This  hypothesis  in 
volves  the  same  conditions  and  processes  AS  No.  1  above,  but  also 
gives  explanation  of  the  locAtion  of  the  supposed  ore  lenses. 
At  the  same  time  it  involves  the  decay  and  concentration  in  a 
definite  rock  horizon  which  is  demanded  by  No.  3. 

5.  Deposition  from  oceanic  solution  at  the  time  of  t?ie  formation 
of  tile  rocks  associated.  That  the  iron  ores  of  the  Keewatin  age 
were  deposited  from  solution,  has  been  inferred  from  their  as- 
sociation with  rocks  whose  composition  requires  the  cotempo- 
raneous  action  of  eruptive  forces — but  which  are  stratified  by 
oceanic  agency — such  eruptive  action  causing  chemical  reac- 
tions that  would  result  in  the  precipitation  of  iron  and  silica. 
This  hypothesis  has  Ijeen  applied  by  the  writer  also  to  a  por- 
tion of  the  Mesabi  ores,  viz.,  such  as  are  embraced  as  some- 
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what  irre^lar  (wandenng)  strata  in  the  lower  portion  of  the 
formation.  Such  may  be  either  hematite  or  magnetite.  It 
may  perhaps  be  extended  farther  than  has  been  proposed. 


Some  facts  of  the  manner  of  occurrence. 

The  Mesabi  iron  range  extends,  within  the  limits  of  Minne- 
sota, a  known  distance  of  more  than  150  miles,  and  it  is  Iron- 
bearing  through  its  whole  extent.  It  commenoes  at  the  west 
end  of  G-nntiint  lake,  on  the  national  boundary,  and  has  been 
partially  explored  southwestwardly  as  far  as  the  Mississippi 
.  river  near  the  fails  of  Pokegama.  The  ■  iron  horizons  do  not 
fluctuate  in  their  stratigraphic  positions.  The  iron  varies  as  the 
character  of  the  accompanying  rock  varies.  It  is  a  duplex 
i-ange  and  embraces  ores  of  two  distinct  origins  and  kinds. 

The  more  southerly  portion  of  the  range,  which  is  made  up 
of  gabbro  hills,  contains  }arge  deposits  of  titanic  magnetite, 
and  this  may  be  dismissed  with  the  statement  that  this  ore  is 
at  present  not  used,  and  of  little  economic  concern.  This  dis- 
cussion appertains  wholly  to  the  more  northern  belt  where  the 
recent  remarkable  developments  have  been  made.  This  north- 
ern belt  embraces  non-titanic  magnetite  and  hematite  as  well 
as  limouite  and  gcethite,  or  "yellow  ochre,"  as  it  is  sometimes 
denominated  by  the  miners.  The  magnetite  thus  far  discov- 
ered is  not  of  economic  importance,  compared  with  the  hema- 
tite and  goethite,  but  the^  are  explorations  now  being  made  in 
some  of  the  magnetites  which  promise  to  become  perhaps 
equally  valuable  with  the  hematites.     - 

The  non-titanic  magnetite  is  found  in  the  eastern  portion  of 
the  range  and  at  a  lower  horizon  in  the  strata'than  the  hema- 
tites, and  when  it  is  represented  in  considerable  amount  there 
Is  little  or  no  hematite  in  commercial  quantities.  It  is  some- 
times in  close  asssociation  with  the  gabbro  containing  titanic 
magnetite,  and  it  is  a  reasonable  hypothesis  to  refer  the  mag- 
netic quality  to  the  effect  of  the  heated  gabbro  on  the  original 
ore,  concentrating  the  iron  by  the  expulsion  of  some  of  the 
oxygen.  Still  there  is  a  trace  of  magnetic  ore  further  west. 
It  is  there  found  in  lean  iron-bearing  rock,  and  occupies  belts 
of  a  few  inches  which  pass  through  the  rock  in  a  rather  pecul- 
iar zigzag  or  wandering  fashion.  But  still  further  west  the 
Pewabic  quartzyte,  which  is  the  horizon  which  holds  the  mag- 
netite in  the  eastern  end  of  the  range,  is  again  regularly  inter- 
stratiSed  with  magnetite  in  considerable  amount,  and  as  such  it 
has  been  explored  for  commercial  uses. 
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Hard  hematite  is  found  in  the  Mesabl  range,  but  it  is  rather 
as  an  accidental  appendage  of  the  soft  hematite,  and  usually  it 
grades  into  low-grade  ore  and  is  discarded. 

Hard  limonite  is  found  in  larger  quantities  than  hard  hema- 
tite. It  is  apt  to  be  impure,  and  it  occurs  in  somewhat  the- 
same  manner  as  the  magnetite — i.  e.,  it  branches  and  perme- 
ates a  rock  bed  irregularly,  though  frequently  seen  in  distinct 
nodales  and  in  vugH  when  it  is  found  to  be  a  valuable  ore. 

The  hydrated  oxide,  however,  in  the  form  of  gcethite  is  quite 
abundant.  Some  shipping  mines  will  depend  largely  on  this 
ore.  The  ore  is  in  the  form  of  ochre-yellow  powder,  or  small 
masses  easily  reduced  to  powder.  It  is  found  only  in  the  re- 
gion of  the  recent  new  developments,  in  the  western  portion  of 
the  range. 

Soft  hematite,  however,  is  the  ore  for  which  the  "Range"  will 
be  celebrated.  This  has  recently  been  discovered  in  indeSnite 
and  almost  incalculable  amounts.  It  is  generally  amorphous, 
but  in  lumps,  frequently  as  if  a  breccia  of  some  sedimentary 
rock,  easily  crushed,  and  it  also  exists  as  a  granular  powder, 
finer  than  mustard  seed,  and  can  be  mined  by  the  simplest 
methods.  The  plans  now  bein);  entered  upon  for  excavating  it 
only  require  a  steam  shovel  and  a  railroad  train. 

Stratigraphic  relatione. 
The  horizon  in  which  this  ore  occurs  is  that  which  has  been 
Identified  as  Taconic,  or  primordial.  The  strata  have  a  gentle 
dip  toward  lake  Superior,  and  a  uniform  strike  from  one  end 
of  the  range  to  the  other.  The  strata  are  as  follows  in  de- 
scending order,  omitting  minor  variations. 

1.  Black  sfate  with  interbedded  sheets  of  eruptive  materials 
which  are  widespread  and  uon-amygdaloidal. 

2.  Oabbro  out-break.  Titanic  ore  horizon.  The  line  of  this 
outbreaJi  is  found  not  to  follow  the  present  northern  strike  of 
the  hematite  ore  horizon,  but  to  encroach  upon  it,  giving  hard 
ores  in  the  eastern  end  of  the  range,  while  toward  the  west  its 
line  of  outbreak  turns  more  southerly,  passing  the  head  of  lake 
Superior  at  Dulnth,  but  apparently  forming  a  bed  of  conglom- 
erate and  breccia  along  the  ore  belt,  noted  at  various  places 
between  Gunflint  lake  and  Pokegama  falls. 

3.  A  peculiar  siliceous  rook,  partly  jasperoidal,  partly  of 
hard  hematite,  or  hard  limonite,  sometimes  conglomeritic  and 
brecciated,  cherty,  flinty,  usually  gray,  sometimes  partly  blaok 
or  purple,  and,  toward  the  west,  kaolinic,  toward  the  east  hold- 
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ing  some  magnetite.  Altogether  this  ia  a  nou-descript  rock, 
which  sometimes  is  fifty  feet  in  thickness,  but  so  far  as  devel- 
oped near  the  mines  is  less  than  twenty,  lb  is  a  pretty  con- 
stant rock  and  when  the  ore  is  absent  it  lies  on  or  varies  to  the 
Pewabic  c^uartzyte.  This  is  the  horizon  of  the  hard  -hematite, 
hard  limonite  and  of  some  of  the  non-titanic  magnetite-  -  In 
some  way  not  yet  fully  determined  it  is  associated  with  the 
next.  It  is  not  yet  certain  that  all  the  soft  oi-e  is  derived  from 
a  change  of  this  rock  to  ore,  but  it  is  very  certain  that  in  some 
'  cases  this  rock  is  converted  to  ore.  It  overlies,  apparently,  the 
chief  ore  body  of  the  range,  or  its  lower  portion  is  changed  to 
ore. 

4.  The  chief  horizon  of  soft  hematite.  The  greatest  thick- 
ness this  bed  has  yet  been  found  to  exhibit  is  105  feet  In  the 
midst  of  this  ore  are  found  sometimes  irregular  masses  of  rock 
like  No.  3,  as  if  remnants  of  that  stratum  not  yet  converted  to 
ore,  while  some  strata  of  soft  ore  are  found  also  in  the  midst  of 
No.  8.  Not  enough  working  has  been  done  yet  to  reveal  all 
the  relations  of  the  ore  to  No.  3. 

5.  Pewabic  quartzyte.  In  the  near  vicinity  of  the  gabbro 
foci  this  is  remarkably  modified.  Originally  probably  a  chem- 
ical oceanic  precipitate  in  its  upper  portion  it  is  consolidated  to 
a  vitreous  quartzyte,  but  at  more  distant  points  it  is  composed 
of  distinct  rounded  grains.  The  upper  portion  is  in  the  form 
of  chalcedonic  siltca(  so-called),a  phase  which  extends  westward 
with  modifications,  so  far  as  observed,  at  least  to  town  60-13. 
On  the  other  band  this  quartzyte  becomes  less  eiliceons,  hav- 
ing a  teldspathic  element,  and  even  an  olivinitic  constituent, 
and  sometimes  large  hornblende  crystals  embra9e  the  quartz 
grains  in  a  common  matrix.  When  olivinitic  it  is  also  magnet- 
itic  and  constitutes  an  important  iron  ore.  In  some  places  far- 
ther west,  near  the  Mississippi  river,  is  a  quartzyte  which  is 
evidently  the  same,  regularly  interbedded  with  magnetite  in 
thin  alternations. 

6.  Conglomerate.  This  is  simply  the  base  of  the  quartzyte, 
and  takes  on  the  character  of  the  older  underlying  rock.  When 
it  lies  on  the  greenstones  its  cementing  matrix  is  green,  when 
on  the  granite  it  is  more  siliceous  and  lighter. 

Northward  from  the  strike  of  these  strata  extends  the  Archaean 
complex,  embracing  the  rocks  and  ores  of  the  Vermilion  range 
and  the  foregoing  beds  lie  uncontormably  on  the  upturned  edges 
of  the  older  rocks  where  the  two  formations  come  iato  contact. 
But,  wherever  the  highland  spurs  of  the  older  rocks  extend 
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further  southward,  the  primordial  strata  sweep  about  their 
bases,  dipping  in  opposite  direcUons  on  opposite  sides  of  the 
spurs.  They  occupy  no  constant  level,  which  might  be  consid- 
ered ao  oceanic  shore  line,  but  they  seem  to  exist  where  erosive 
Sigents  have  not  been  able  to  remove  them.  Hence  they  may 
have-  extended  formerly  much  further  north.  It  happens, 
however,  that  a  range  of  granitic  hills,  the  Giant's  range,  oc- 
curs but  a  short  distance  to  the  north,  and  sometimes  the  strike 
of  the  Taconic  is  coincident  for  some  miles  with  the  southern 
base  of  this  ranga  'In  other  places  a  belt  of  "greenstone," 
which,  however,  is  itself  rather  rough  and  rises  nearly  as  high 
as  the  granite  hills,  intervenes  between  the  Taconic  and  the 
granite. 

It  is  evident  that  the  present  surface  contour  is  but  a  poor 
guide  to  the  stratigraphist  in  attempting  to  determine  the  rela- 
tive ages  of  these  terranes,  for  the  surface  must  have  suffered 
a  profound  degradation.  The  gabbro  rock,  which  is  by  all 
conceded  to  be  an  irruptive  rock,  shows  no  sign  of  ever  having 
outflowed  at  the  surface  of  the  earth.  It  is  not  bedded  by 
amygdaloidal  partings,  nor  has  it,  so  far  as  known,  any  vari- 
able texture  due  to  contacting  with  other  older  rocks.  Yet  it 
comes  into  cont^t  with  varions  older  terranes,  having  crowded 
backward  upon  them  while  yet  confined  within  the  crust  of  the 
earth,  without  reaching  the  surface.  It  has  been  seen  overly- 
ing the  Pewabic  quartzyte,  the  Keewatin  greenstone  and  the 
granitic  rocks  of  the  Giant's  range,  but  maintaining  every- 
where a  coarse  and  crystalline  texture.  It  seems  as  if  the 
irruptive  movement"  must  have  been  very  slow,  and  that  it  pro- 
gressed nob  forcibly,  but  as  rapidly  as  the  heating  of  the  adja- 
cent rocks  rendered  them  more  flexible.  Subsequent  to  the 
molten  invasion  the  surface  degradation  took  place  revealing 
the  deep-seated  contacts  which  we  Be&  It  has  been  the  writer's 
opinion  that  this  event  of  the  eruption  of  the  gabbro  took  place 
immediately  after  the  deposition  of  the  Pewabic 'quartzyte, 
based  on  the  interbedding  of  that  quartzyte  with  a  rock  resem- 
bling the  gabbro,  and  on  the  observed  immediate  overlie  of  the 
gabbro  on  an  extensive  area  of  the  quartzyte.  This  observed 
overlie,  however,  loses  its.  importance  when  it  is  learned  that 
the  gabbro  also  overlies  the  Keewatin  and  the  crystalline  gran- 
ite of  the  Giant's  range,  and  the  date  of  the  disturbance  will 
have  to  remain,  as  heretofore,  not  definitely  established. 

In  further  considering,  however,  the  Mesabi  iron  ore,  certain 
problematic  difBculties  appear  in  the  way  of  accepting  any  of 
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the  proposed  theories  for  the  origin  of  the  ore.     These  may  be 
enumerated: 

1.  There  is  no  limestone  known  in  the  region  which  could 
be  considered  the  parent  rock  giving  rise  to  this  ore  by  a  pro- 
cess of  substitution,  nor  has  there  been  any  struck  by  any  of 
the  diamond  drills  that  have  recently  been  driven  through  the 
ore  horizon. 

2.  There  is  no  known  horizon  of  spathic  iron  which  can  be 
considered  to  have  been  converted  to  ozide. 

3.  There  is  no  dissemination  of  carbonate  of  lime  in  the 
form  of  calcite,  such  as  to  indicate  that  the  ore  'may  have  re- 
sulted from  a  substitution  of  iron  for  lime.  The  sparse  ming- 
ling of  minnte  fragments  of  calcite  crystals,  in  microscopic  sizes, 
with  the  silica  of  the  chert,  in  some  of  the  less  ferruginous 
parts  of  the  formation,  is  hardly  sufBcient  to  account  for  sucb 
a  vast  deposit  of  iron  ore.  It  seems  like  triSing  with  the  prob- 
lem to  appeal  to  such  a  cause  for  the  ore. 

4.  As  to  concentration  by  decay  of  ferruginous  schists 
— the  process  seems  to  have  been  the  reverse,  viz.,  from  the 
ore  has  been  diffused  iron  ozide  through  non-ferruginous 
schists,  so  that  for  several  feet  from  the  ore  the  surround- 
ing rock  is  stained  a  vermilion  or  brownish,  red.  This  has 
not  only  affected  some  of  the  green  schists,  but  also  some 
of  the  underlying  quartzyte.  And  again,  on  the  theory 
of  ferruginous  concentration  from  schists,  or  from  any  rock, 
it  is  necessary  to  explain  the  singular  fact — singular  under 
that  hypothesis — of  the  occurrence  of  the  pre  always  at  the 
same  stratigraphic  horizon  in  the  same  formation.  Why 
should  not  this  ore  accumulate,  at  least  sporadically,  at  some 
lower  or  slightly  higher  stratigraphic  horizon?  Here  we 
find  it,  for  150  miles,  maintaining  its  position  in  the  seriea 
as  constantly  as  any  of  the  beds  that  are  associated  with  it. 

5.  The  absence  of  dykes  of  irruptive  rock.  These  have 
been  supposed  to  have  played  an  important  role  in  the  con- 
centration of  the  hematites  of  the  Penokee  range,  on  the 
south  side  of  lake  Superior.  Yet.  on  the  north  side  but  one 
such  dyke  has  been  discovered,  and  that  is  in  the  eastern 
extension  of  the  iron  range  where,  notwithstanding  a  year's 
costly  exploration  in  the  vicinity,  no  hematite  has  yet  been 
found  in  commercial  quantities.  At  the  western  end  of  the 
range,  where  the  recent  discoveries  have  been  made,  not  a- 
single  dyke  has  been  discovered.  Further,  the  strata  that 
enclose  the  ore  are  not  impervious,  and  could  not  form  troughs 
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by  any  combination  of  dyke  and  dip,  but  the  underlying  rock 
is  a  loose  white  sandstone.  It  has  aometiines  become  deeply 
stained  by  the  downward  percolation  of  surface  waters  carry- 
ing the  ore  mechanically  amongst  its  rounded  grains. 

6.  There  is  an  apparent  extensive  (ihange  in  the  rock  of  the 
country.  The  details  of  this  change  cannot  be  given  here.  As 
one  stands  at  the  brink  of  one  of  the  excavations  and  sees  dis- 
tinctly a  sweep  of  plainly  originally  sedimentary  layers,  across 
the  face  of  the  cut,  manifesting  all  the  usual  characters  of 
sedimentation, and  reflects  that  the  strata  which  he  now  be- 
holds consist  of  bessemer  hematite,  slightly  brecciated,  soft, 
easily  mashed,  he  is  driven  to  one  of  two  conclusions — either, 
first,  that  the  ore  wiis  deposited  as  a  constituent  part  of  a  sedi- 
mentary, series,  or  second,  that  it  is  the  result  of  some  grand  sub- 
stitution process  by  which  hematite  has  been  made  to  take  the 
place  of  the  original  sediments.  There  are  besides  numerous 
minor  evidences  of  some  transition  in  the  rock  from  its  origi- 
nal composition  to  hematite,  viz. : 

(a)  Sometimes  a  gradual  encroachment  of  a  hematite  col- 
oration from  the  outer  portions  of  a  block,  or  layer,  upon  a 
gray  or  blue  central  area. 
*  (b)  Sudden  cessa>tion  of  a  band  of  hematitic  coloration  at  a 
fissure  which  evidently  the  waters  producing  the  coloration 
could  not  pass,  and  the  passage  of  the  same  waters,  as  shown 
by  the  narrow  streak  of  hematite  in  the  Assure,  down  the 
fissure  away  from  the  band  before  affected,  leaving  that  por- 
tion on  the  other  side  of  the  fissure  unstained — while  at  the 
same  time  the  sedimentary  banding  of  the  whole  rock  sweeps 
unimpaired  across  the  whole  face,  from  one  side  of  the  fissure 
to  the  other. 

(c)  There  are  larger  areas  where,  as  revealed  by  some  of 
the  shallow  shafts  on  the  western  end  of  the  Mesabi  range,  there 
is  an  abrupt  change,  horizontally,  from  rock  to  ore,  the  separ- 
ating line  being  distinct  for  a  perpendicular  distance  of  at  least 
two  feet.  In  other  places  in  the  same  shaft  the  ore  and  rock 
encroach  irregularly  upon  each  other.  In  these  cases  the  ore 
is  soft  red  hematite.  If  the  process  of  substitution  were  now 
going  on  it  would  l>e  reasonable  to  expect  the  oxide  would  bo 
hydrated,  especially  as  such  transition  is  within  a  few  feet  of 
the  surface  and  easily  accessible  by  atmospheric  waters, 

(d)  Not  only  is  the  rock  changed  in  aitu,  but  as  breccias  and 
gravels  large  deposits  are  found  in  which  the  pebbles,  rounded 
as  in  a  river  current,  or  on  an  oceao  beach,  are  converted  to 
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hematite.  Such  pebbles  were  rounded,  while  still  rock,  and 
were  subsecLuently  conveTted  to  hematite.  This  is  evinced  by 
the  varying  teztnre.  and  concentric  structure  which  change 
somewhat  regularly  from  the  surface  to  the  center,  the  outer 
crust  being  dense  and  the  central  portions  being  vesicular. 
Whether  snch  pebbles  appertain  to  the  rocl^  strata,  or  are  o£ 
the  age  of  the  drift,  has  not  as  yet  been  determined. 

Sonu  neceaaary  poatulatea. 
Notwithstanding  it  seems  inadmissible  to  adopt  any  theory 
proposed  hitherto  for  the  origin  of  this  ore,  and  that  we  are 
not  qualified  to  propose  a  new  one,  there  are  some  important 
facts  which  must  be  taken  into  account  when  the  true  explana- 
tion is  discovered.  These  facts,  which  are  based  on  observa- 
tions made  partly  daring  the  present  season,  may  be  set  down 
severally  as  postulates  on  which  some  satisfactory  theory  may 
possibly  be,  in  part,  built  at  some  future  time. 

1.  The  ore  has  a  definite  position  in  the  stratification. 

2.  It  is  underlain  by  a  porons  qnartzyte. 

8.  It  is  overlain  by,  or  results  from  a  change  in  a  pecoliar 
rock  to  which  we  have  given  the  name  taconyte.  [To  be  des- 
cribed fully  at  a  later  date.]  * 

4.  The  whole  ore  bed  is  sometimes  a  breccia  of  some  sedi- 
mentary rock,  lying  loose,  and  sometimes  compact  brecciated 
or  even  conglomeritic  phases  are  common.  Rarely  a  pebbly 
ore  is  found. 

5.  It  is  associated  with  much  kaolinic,  but  water-stratified 
rock,  and  often  {.he  white  kaolin,  though'  embraced  in  the  ore, 
is  unstained  by  it. 

3.  It  occurs  at  the  same  horizon  the  whole  length  of  the 
Mesabi  range. 

7.  When  the  gabbro  of  the  Mesabi  range  is  adjacent  this  ore 
is  found  to  be  hard — either  hematite  or  magnetite,  but  it  is 
never  affected  by  titanic  acid — though  it  is  by  sulphur  onder 
such  circumstances. 

8.  Apparently  it  runs  southward  with  the  dip  of  the  forma- 
tion, and  by  boring  it  is  found  under  a  large  thickness  of  black 
slate  about  a  mile  south  of  the  line  of  strike. 

9.  The  horizon  of  the  ore  is  the  same  that  has  been  assigned 
by  the  writer  to  the  date  of  the  disturbance  of  the  gabbro  flood. 
But  as  that  assignment  is  not  sufficiently  established  it  cannot 
be  said  that  the  ore  has  any  relation  of  cause  and  effect  to  the 
gabbro. 


,Coo»^lc 


STATE   GEOLOGIST.  14» 

Condunion. 

There  are  but  two  items  in  the  coQclusion  to  which  we  are 
driven: 

First.  The  Mesabi  ore  is  not  satisfactorily  explained  by  any 
theory  that  has  yet  been  proposed  for  it,  or  for  its  equivalent 
(Gogebic)  ore  on  the  south  side  of  the  great  lake.  There 
are  some  facts  that  favor  all  of  the  theories  that  have  been, 
proposed,  out  they  meet  with  opposing  facts  of  greater  import. 

SecoTid.  There  is  but  one  known  cause  acting  with  sufficient 
force  and  on  a  gieographic  area  sufficiently  wide,  to  which  we 
can  appeal  for  the  geographic  and  stratigraphic  distribution  of 
this  ore — and  that  is  oceanic  sedimentcOion.  That  there  has 
been  a  profound  change  in  the  sediments  since  their  origina- 
tioif  is  quite  evident;  but  whether  this  change  took  place,  in 
whole  or  in  part,  prior  to  consolidation  or  after  it,  is  as  yet  un- 
known; and  if  after  consolidation  it  is  equally  unknown  whether 
it  was  accomplished  in  Taconic  or  in  Recent  time.  There 
seems  to  have  been  something  peculiar  either  in  the  nature  of 
the  sediments  of  this  horizon  or  in  the  influences  to  which  they 
have  been  subjected,  and  this  peculiarity  is  expressed  on  both 
sides  of  the  Lake  Superior  basin. 

(Other  field  notes  made  in  the  season  of  1892,  pertaining  to 
the  region  of  Snowbank  lake  and  thence  northeastward  to 
Knife  lake,  will  be  reserved  for  the  final  report,  likewise  those 
of  a  re- examination  of  points  on  Gabimichigama,  Flying  Cloud 
and  Kekequabic  lakes,  and  of  a  visit  to  the  Twin  peaks.) 

BBMARKS  ON  THE  SO-CALLED  MUSCOVADYTE  OR  MUSCOVADO 
ROCK. 
In  several  of  the  annual  reports  of  the  Survey  an  undefined 
term  has  been  used  to  designate  a  rock  of  certain  macroscopic 
characters  that  prevails  along  the  northern  limit  of  the  gabbro. 
The  term  has  been  used  because  of  its  convenience  in  the  field 
and  because  of  its  expressing  at  the  same  time  the  general  out- 
ward character  of  the  rocks  to  which  it  was  applied.  There 
is  no  doubt,  however,  that  in  many  cases  these  rocks  have- 
been  collected  without  receiving  this  designation.  It  is  thought, 
best  to  make  some  examination  of  some  of  these  rocks  to  de- 
termine their  petrographic  characters  and,  if  possible,  their- 
structural  relations.  In  ^11  cases  the  field  relations  have  to- 
take  precedence- in  discussing  their  origin  and  systematic  rela- 
tions. By  means  of  microscopic  and  chemicE^  examination, 
however,  some  intimate  mineral  associations  are  determined^ 
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which  throw  light  upon  their  probable  origin.  Several  of  these 
that  have  been  desigoated  muscovado  have  been  sliced  and 
mounted  by  Mr.  Ogaard  and  examined  microscopically  by  Dr. 
Grant,  and  some  chemical  analyses  have  been  mfide  by  Mr. 
Meeds. 

The  term  muscovado  seems  to  have  been  used  first  in  the 
^fteenth  annual  report,  page  851,  and  applied  to  rocks  collected 
in  sees.  15  and  16,  63-9W.,  on  the  northeastern  waters  of  the 
Kawishiwi.  It  is  here  part  of  a  biotitic,  more  or  less  gneissic 
rock  with  more  or  less  quartz,  which  by  later  study  has  been 
separated  from  the  gabbro,  although  at  the  time  the  rocks  were 
collected  they  were  supposed  to  be  a  phase  of  ihe  gabbro. 

Dr.  Grant  has  made  the  following  microscopical  notes  on 
No.  983. 

DeacripHan  of  No.  983.    EavHshiwi  River. 

Maeroacopical: — A  grayish  rock  of  rather  fine  grain.  The 
hand  specimen  is  homogeneous  throughout  and  shows  no 
gneissic  or  other  parallel  structures.  It  is  compact  and  not 
crumbling.  Numerous  glistening  scales  of  biotite  are  easily 
seen,  and  under  the  lens  the  rock  appears  granular,  but  the 
constituent  minerals  cannot  be  made  out,  although  one  would 
judge  that  quartz  formed  a  large  part  of  the  rock.  Bock 
appears  fresh.  Does  not  effervesce  with  cold  hydrochloric 
acid. 

Microscopical: — The  section  shows  a  closely  compact,  fine 
grained,  granular  mixture  of  quartz,  feldspar,  biotite,  iron  ore, 
and  a  mineral  referred  to  pyroxene.  The  grain  is  so  fine  that 
under  crossed  nicols  the  different  grains  are  not  all  distinctly 
separated,  nor  do  some  of  them  extinguish  completely;  this, 
however,  is  due  to  the  overlapping  of  the  grains;  there  is  no 
"amorphous"  or  "chalcedonic"  silica  present  (compare  section 
of  jaspilyte  in  BuL  6.  pL  8,  fig.  1).  The  rock  is  thus  com- 
pletely crystalline,  and  is  quite  fresh. 

The  biotite  is  the  most  noticeable  mineral;  it  occurs  in  large 
flakes  which  often  hold  many  pieces  of  quartz,  some  magnetite, 
and  occasionally  pyroxene. 

The  pyroxene  is  in  small  rounded  grains  and  elongated 
ones  which,  however,  never  show  any  crystal  faces.  It 
has  quite  a  high  index  of  refraction.  It  contains  en- 
closures of  magnetite  and  numerous  transparent  areas  which 
seem  to  be  liquid  cavaties.  A  slight  cleavage  is  often 
developed  parallel  to  the  long  axes  of  the  grains.     The  eztinc- 
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tion  is  almost  always  parallel  to  this  cleavage  and  the  mineral 
often  is  slightly  pleochroic;  from  these  two  facts  it  is  referred 
to  the  group  of  orthorhombic  pyroxenes — probably  it  is  ensta- 
tite  or  bronzite.  Oa  account  of  the  smallness  of  the  grain  and 
the  difKculty  of  obtaining  a  good  interference  figure  with  the 
instrument  in  use,  the  optical  properties  were  not  further 
studied.  This  mineral  is  greenish  in  color.  In  the  pleochroic 
individuals  the  ray  vibrating  parallel  to  the  cleavage  is  colorless 
or  greenish  and  the  other  of  a  very  light  pinkish  or  reddish 
shade.  This  corresponds  to  the  pleochroism  of  orthorhombic, 
pyroxenes.  The  iron  ore  is  undoubtedly  magnetite;  it  is  in  small 
grains  with  more  or  less  distinct  faces,  but  with  the  angles 
rounded. 

The  pyroxene  and  iron  ore  are  probably  older  than  the  mass 
of  the  rock  which  is  composed  of  quartz  and  feldspar,  and  the 
biotite  encloses  all. 

The /e^Jspar  is  abundant;  it  frequently  shows  polysynthetic 
twinning,  and  is  thus  plagioclase;  but  tb&  kind  of  plagioclase 
is  uncertain.  There  is  also  considerable  feldspar  which  is  not 
twinned  and  which  may  be  orthoelase,  or  untwinned  plagioclase- 

The  quariz  is  in  fine  grains,  even  finer  than  most  of  the  feld- 
spar. There  are  many  grains,  which  show  no  cleavage,  or 
twinning,  whose  nature  it  is  not  easy  to  determine.  Many  of 
such  grains,  supposed  to  be  quartz,  give  a  biaxial  interference 
figure;  and  others  give  no  distinct  figure.  I  examined  about  20 
sections  which  I  thought  might  be  basal  sections  of  quartz; 
only  one  out  of  these  20  gave  a  distinct  uniaxial  interference 
figure;  this  was  tested  andfound  to  be  -f .  Four  or  five  gave 
biaxial  figures;  and  ihe  others  gave  no  definite  figures.  The 
feldspar  is  unaltered,  and  so  is  hard  to  distinguish  from  quartz, 
when  twinning,  cleavage  or  interference  figures  are  not  to  be 
seen.  It  is  my  opinion  that  there  is  much  less  quartz  in  the 
rock  than  I  had  supposed.  Thus,  so  far,  I  am  sure  of  but  one 
grain;  there  are,  however,  undoubtedly  more,  but  I  should  guess 
that  quartz  makes  up  less  than  1-10  of  the  rock,  and  I  feel  cer- 
,tain  that  it  does  not  make  up  1-5  of  the  rock. 

The  magnetite  of  Nos.  963  and  983  was  tested  for  titanium, 
but  none  was  fonnd. 

The  rock  now  shows  nothing  that  can  betaken  as  proof  of  an 
original  clastic  nature.  It  is  lithologically  a  fine  grained 
quartz  biotite  noryte.  It  may  be  a  recrystallized  sediment  or 
an  original  eruptive. 
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These  rocks  have  been  identified  under  this  name  at  several 
places,  viz.,  on  Disappointment  lake  by  H.  V.  Winchell*.  who 
considered  this  muscovado  to  be  a  changed  mica  schist,  and  hts 
general  description  makes  it  evident  that  at  that  place  the 
muscovado  has  no  oonnection  with  the  gabbro.  It  was  also 
observed  on  Illusion  lake  by  A.  Winchellf  and  by  N.  H.  Win- 
chellj.  * 

No.  1039.     Island  in  Illusion  lake. 

A  light  gray  rock  of  fine  grain  holding  numerous  and  distinct 
-  fiakes  of  biotite.  The  section  is  made  of  fine  grained  granular 
quartz  with  some  orthoclase.  In  this  are  scattered  numerous 
biotite  scales. 

At  this  place  the  rock  was  likewise  considered  to  be  a 
part  of  the  gabbro,  but  it  is  evident  that  it  is  a  part  of 
the  older  (Archean)  rocks  that  have  been  affected  by 
the  gabbro  contact,  at  least  the  rocks  of  the  islands  of  the  lake; 
the  south  shore  may  contain  a  true  gabbro  or  eruptive  muscova- 
do. It  is  again  known  on  the  river  flowing  northward  into 
Kekequabic  lake,  S.W.J  N.E.i  sec.  U,  64-7  W.,  where  it  is  re- 
ported to  contain  grains  of  reddish  feldspar  and  some  quartz, 
and  is  probably  a  part  of  the  older  rocks.  It  is  reported  abundant 
about  the  eastern  and  northeastern  shores  of  Gabimichigama 
lake.  Dr.  A.  Winchell  described  and  Illustrated  an  observa- 
tion on  an  island  in  this  lake,  where  he  found  coarse  crystal- 
line gabbro  lying  upon  and  embracing  angular  fragments  of 
muscovado,  the  interstices  being  filled  with  gabbro.  His 
figure  (56)   is  here    reproduced.      Further    examination    of 
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this  lake  has  revealed  the  fact  that  the  rock  here  called 
muscovado  is  a  part  of  the  ArcheaD  affected  by  contact 
with  the  gabbro.  Numerous  specimens  have  been  collected 
at  points  further  northeast,  where  this  underlying  rock  is 
exposed  in  mcuiy  islands  and  low  shores,  and  where  its  frag- 
mental  and  stratified  characters  are  more  evident.  Rock  1088 
was  collected  on  the  little  island  at  the  entrance  to  the  bay 
which  forms  the  northeasterly  end  of  Gabimichigama  lake.  It 
is  found  in  other  islands  farther  north  and  along  the  shores. 
On  the  east  side  of  the  bay  it  was  found  to  be  overlain  by 
characteristic  coarse  gabbro.  Of  this  rock  Dr.  Grant  has  made 
an  examination  as  follows: 

Description  of  No.  1088  (i5th  Ann.  Rept,  p.  379). 

Macroscopical: — This  rock  apparemtly  would  be  included 
under  "muscovado."  It  is  a  fine  grained,  seemingly  granular, 
rock  of  a  grayish  or  brownish-gray  color.  It  contains  a  few 
small  white  spots  which  look  like  feldspar;  shows  no  parallel 
structures  in  hand  specimen.  Appears  pretty  fresh.  Does  not 
effervesce  in  cold  HOI.  It  is  too  flue  grained  forstudy  with  the 
lens. 

Microscopical: — A  fine  grained  aggregate  of  quartz  and  bio- 
tite.  The  latter  seems  to  make  up  about  i  of  the  rock;  biotite 
is  in  small  scales  arranged  in  no  order.  The  quartz  is  in  small 
sub-angular,  angular  and  irregularly  outlined  grains  imbedded 
in  a  very  fine  grained  matrix  which  is  also  apparently  qua>rtz. 
I  recognized  no  other  minerals.  The  rock  is  undoubtedly  part 
of  the  elastics  of  the  region. 

Description  of  No.  1089  {15th  Ann.  Rept.,  p.  379). 

Said  to  be  "the  same  as  No.  1088,  but  shows  an  intenser 
action  of  the  gabbro;"  from  the  north  side  of  Muscovado  point. 

Macroscopical: — A  fine  gi-ained  gray  rock,  much  like  No.  1088 
but  not  showing  the  brownish  color. 

Microscopical: — Rocks  composed  of  biotite,  quartz  and  amphi- 
bole(?).  Quartz  and  biotite  about  as  in  No.  1088;  some  of  the 
biotite  has  faded  and  become  almost  colorless.  A  few  small 
grains  of  magnetite  are  present.  All  through  the  rock  is 
an  indistinct  light  greenish  to  light  yellowish  mineral,  some- 
times massed  together  in  aggregates  of  fine  grains  and  fibers 
and  sometimes  in  minute  particles  all  through  the  rock.  In  a 
few  veins  are  also  accumulations  of  this  mineral.     While  not 
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very  clearly  defined,  still  this  mineral  seems  to  be  an  amphi- 
bole,  perhaps  actinolite. 

This  rock  also  is  undoubtedly  part  of  the  elastics. 

Kocks  from  the  south  side  of  Muscovado  point  were  also  ex- 
amined, viz.,  1090,  1091  and  1092,  and  1350  from  the  north  side. 

Nos.  1090  and  1091  (15th  Ann.  Kept.,  pp.  879-380). 

1091  and  one  slide  of  1090  are  essentially  similar  to  No.  1088. 
with  only  slight  differences. 

Another  slide  of  1090  is  somewhat  coarser  grained  and  has  a 
confused  altered  appearance.  It  is  composed  of  feldspar,  both 
polysynthetically  twinned  and  not,  quartz,  biotite,  magnetite, 
hornblende  and  what  I  take  to  be  an  almost  colorless  pyroxene. 
The  last  appears  in  places  to  be  altering  to  hornblende.  Some 
of  the  feldspar  has  become  cloudy.  No  evidence  of  a  clastic 
structure  remains  in  the  rock. 

No.  1092  (15th  Ann.  Rept.,  p.  380). 
This  is  essentially  the  same  as  the  last  described  slide  of  No. 
1090,  except  that  considerably  more  hombtende  is  present  and 
the  pyroxene  is  in  larger  and  better  defined  pieces. 

No.  1350  (16th  Ann.  Rept.,  p.  89). 

Is  finer  grained  than  the  last,  but  is  very  similar  toitin com- 
position. 

These  muscovado  samples  about  Grabimichigama  lake  are 
from  the  general  formation,  which  can  be  traced  continuously 
in  one  direction  into  the  great  Ogishke  conglomerate,  i.  e., 
toward  the  northwest,  and  eastwardly  into  the  so-called  green- 
stone at  Flying  Cloud  lake  and  Akeley  lake,  and  therefore  have 
no  connection  with  the  gabbro  proper. 

On  an  excursion,  which  was  made  from  Gabimlchigama  lake 
eastward  to  Flying  Cloud  lake,  this  relationship  to  the  green- 
stone was  plainly  brought  out  Samples  also  were  collected, 
viz.,  1780  and  1781,  the  former  from  the  N.E.  i  N.E.  i  sec.  34. 
65-5  W.,  and  the  latter  from  a  point  a  little  farther  east,  boUi 
on  the  north  side  of  the  creek,  which  here,  for  some  distance, 
marks  the  boundary  line  between  the  greenstone  and  the  Pewa- 
bic  quartzy  te.  The  guartzyte  is  seen  to  dip,  at  an  angle  of  about 
45°,  southwardly,  rising  in  a  continuous  strike  about  40  or  50  feet 
above  the  creek  on  its  south  side;  while  on  the  north  side  the 
greenstone  occurs  in  scattered  low  knobs,  but  rising  within  a 
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short  distance  to  a  hight  of  perhaps  300  feet  above  the  creek, 
having  its  characteristic  topography.  These  features  extend 
eastward  to  Chub  (Akeley)  lake  and  further,  where  they  have 
been  also  described.* 

No.  1780.  This  is  a  part  of  the  underlying  greenstone  form 
atioa 

The  section  shows  a  confused,  more  or  less  granular  aggre- 
gate of  plagioclase,  hombleade,  biotite,  pyroxene  (diallage?) 
and  magnetite.  The  pyroxene  seems  to  be  altering  to  horn- 
blende, in  fact  aU  of  the  hornblende,  which  is  in  large  amount, 
may  perhaps  come  from  this  source. 

No.  1781.  Along  stream  east  of  last;  also  underlving  the 
quartzyte,  in  fact  immediately  below  the  quartzyte.  The  sec- 
tion shows  a  rock  quite  similar  to  No.  1780,  but  containing 
more  biotite  and  some  hornblende  which  is  probably  secondary. 
A  granulitic  gabbro  lithologically. 

It  will  be  noticed  that  the  characters  of  the  rocks  1780  and 
1781  show  a  much  more  basic  nature  (also  indicated  in  the  field) 
th%n  those  that  are  above  described  from  Oabimichigama  lake 
It  will  also  be  noticed  that  the  strike  of  this  older  formation  at 
Gabimichigama  lake,  as  well  as  at  Illusion  lake-  and  on  the 
northeastom  waters  of  the  Kawishiwi,  is  aboutnorth  and  south; 
this  being  an  irregularity  in  the  usual  northeastward  trend  of 
the  Archean  in  northeastern  Minnesota.  Thus  it  appears  that, 
in  passing  eastward  from  Gabimichigama  lake,  we  first  pass 
across  the  strike  and  soon  enter  upon  a  greenstone  which 
resembles  that  of  the  Twin  peaks.  It  is  not  necessary  at,  this 
place  to  consider  the  question  whether  this  greenstone  and  the 
so-called  diabasic  and  gneissic  rock,  seen  below  the  gabbro,  are 
of  the  same  formation;  it  is  suf&cient  to  say  that  ali  the  evi- 
dence that  the  Survey  has  at  hand  tends  toward  that  concla- 
sion. 

All  of  the  foregoing  examples  of  so  called  muscovado  are 
from  the  underlying  Archean  rocks,  and,  therefore,  do  not 
illustrate -the  original  idea  of  muscovado,  that  it  was  a  form  of 
the  gabbro;  while  at  the  same  time  when  the  specimens  were 
collected,  they  were  supposed  in  some  c&ses'  to  be  from  the 
gabbro  itself  modified  by  contact  with  the  sedimentaries.  We 
have  now  to  mention  other  forms  of  so-called  muscovado,  which 
lie  in  a  belt  of  country  further  south,  even  south  of  large  areas 
of  characteristic  coarse  gabbro. 

■lAth  Ann.  Sept.,  pp.  82-Sll. 
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There  is  a  lake  ia  sec.  86,  65-5  W.,  named  Muscovado  lake 
from  the  prevalence  of  this  rock,  and  about  its  western  shores 
and  extending  southwestwardty  into  sec.  3,  64  5  W.  is  an  ex- 
tensive hill  range  composed  of  muscovado  rock.  This  hill 
range  lies  to  the  south  of  an  area  of  fresh  crystalline  gabbro, 
'which  again  also  lies  to  the  south  of  the  strike  of  tbe  Pewabic 
<iuartzyte,  above  mentioned.  The  quartzyte  and  gabbro  dis- 
tinctly dip  to  the  south,'  and,  if  there  be  no  fault  in  the  region, 
this  muscovado  must  lie  above  a  large  amount  of  gabbro.  It 
has  been  sampled  and  sliced,  and  the  following  examination 
was  made  by  I>r.  Grant: 

No.  1784.     Muscovado,  north  end  of  Muscovado  lake. 

A  fine  grained  noryte.  This  specimen  (macroscopically)  ap- 
pears to  me  to  be  "typical  muscovado." 

The  section  is  especially  beautiful.  A  granular  aggregate 
of  plagioclase,  hypersthene,  which  is  beautifully  pleochroic, 
and  titanic  magnetite.  This  rock,  except  in  the  large  amount 
of  hypersthene.  is  the  same  as  those  from  Bashitanaqueb 
lake,  which  see. 

Mr.  Meeds  "found  a  very  strong  test  for  titanium"  in  this. 
He  powdered  the  rock  and  by  the  magnet  got  considerable  of 
the  magnetite,  which  he  tested  with  the  above  result. 

Other  samples  have  been  collected  from  the  shores  of  Bashi- 
tanaqueb-lake,  the  north  side  of  which  lies  largely  in  this  rock. 
These  have  also  been  examined  and  found  to  have  the  follow- 
ing tnicroscopic  characters: 

Specimens  from  Baskitanaqueb  lake. 

On  the  north  shore  of  this  lake  are  fine  exposures  of  this 
rock.  A  number  of  specimens  have  been  collected  here.  Here 
are  probably  the  best  exposures  of  this  rock  south  of  the  north 
limit  of  the  gabbro. 

The  specimens  taken  here  and  sectioned  are  1785,  857Q,  857 
AG  and  857BG. 

These  rocks  are  rather  fine  grained  granular  aggregates  of 
plagioclase,  pyroxene  (mostly  diallage),  magnetite,  and  some- 
times a  little  olivine  and  biotite.  They  are  gabbros  petro- 
graphically.  Some  pleochroic  pyroxene  (hypersthene)  is 
sometimes  present,  and  pinkish  diallage  is  frequent. 

No  quartz  was  detected.  Secondary  hornblende  is  some- 
times seen. 
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Aitalysis  Of  No.  8570.  Mr.  Meeds  reported  the  following 
■chemical  compositioD  of  one  of  the  above  sfunples,  8576. 

SlO...'. 49,07 

AljO, n.2i 

Fe.O, .■ 46 

FeO 18.18 

CaO 9.86 

MgO , 3.60 

H.0 1.65 

Na.0 2.96 

K,0 trace 

CO, 2.70 

Mn  O trace  ■ 

Total 99.89 

The  COj  above  is  probably  dne  to  decomposition  products,  as 
the  rock  is  not  entirely  fresh. 

In  addition  to  the  differences  here  indicated  by  cbemcial 
analysis  and  by  the  microscope  between  this  southern  musco- 
vado and  that  before  described,  belonging  to  the  Archean, 
there  are  also  structural  differences  which  are  very  noticeable 
in  the  field,  viz. ;  this  southern  muscovEido  never  shows  the 
knotted  and  seamed  condition  and  the  quartzoae  veinings  and 
the  gneissic  structure  and  vertical  attitudes  seen  in  the  north- 
em  muscovado.  Taken  altogether  it  is  a  much  more  homo- 
geneous and  massive  rock,  its  only  variation  consisting  in  a 
bedding  or  sheeted  lamination,  dipping  toward  the  south,  con- 
formable with  tiie  general  gabbro  structure,  such  sheets  some- 
times being  not  more  than  an  inch  thick.  The  most  remark- 
able exhibition  of  this  sheeting,  which  has  been  seen,  is  at 
the  east  end  of  Muscovado  lake  on  the  north  shore. 

Similar  muscovado  ^laa  been  collected  by  Mr.  H.  V.  Winchell 
near  the  west  quarter  post  of  sec.  14,  63-9  W.;*  and  of  this 
rock  Kr.  Grant  has  given  the  following  microscopical  descrip- 
tion. 

No.  505H.  Macroacopicat: — A  rather  fine  grained  rock  of  a 
gray  to  brownish  gray  color.  Not  gnelssic.  Composed  of 
grains  of  a  glassy  mineral  and  smaller  ones  which  are  yellow- 
ish to  black  in  color. 

Micro8copical:^A.  granular  aggregate  of  feldspar,  pyroxene, 
olivine,  magnetite  and  a  little  biotite.  The  feldspar  is  largely, 
perhaps  entirely,  plagioclase.  Some  grains  do  not  show  twin- 
ning striae,  and  in  some  the  cleavage  is  not  well  marked.  Such 
grains  might  be  quartz;  however,  a  dozen  such  grains  which,  if 
quartz,  would  be  approximately  basal  sections,  were  examined 
for  interference  figures  and  every  one  showed  a  distinct  biaxial 

•17th  Ann.  Eept..  p,  ISO. 
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figure.  I  think  there  Ib  no  quartz  in  the  section.  The  pyrox- 
ene is  distinctly  pleochroio,  and  is  probably  hypersthene.  The 
minerals  of  this  rock,  except  the  oliyine,  are  unaltered  and 
fresh. 

The  rock  is  lithologically  an  olivine  noryte  of  rather  fine  grain. 
There  seems  no  reason  for  considering  this  rock  a  metamor- 
phosed sediment;  it  shows  all  the  chEuracters  of  an  eruptive  of 
the  gabbro  family. 

The  south  east  shore  of  Illusion  lake  also  contains  this  form 
of  muscovadyte,  shown  by 

No.  10S7.   Illusion  lake. 

This  is  a  fine  grained  brofrnisb  gray  rock.  In  section  it  is 
seen  to  be  composed  of  a  fine  granular  aggregate  of  feldspar 
(largely,  if  not  entirely,  plagioclase),  pyroxene  and  magnetite. 
The  pyroxene  is  in  large  amount  and  is  both  diallage  and 
hypersthene.  This  rock  seems  to  belong  to  the  gabbro  phase 
of  the  muscovado. 

Conclueion. 

It  would  appear  from  the  foregoing  that  the  term  muscovado 
rock  (or  muscovadyte)  has  been  applied  in  the  field  to  rocks  of 
different  stratigraphic  position  and  origin.  This  has  already 
been  asserted  by  Mr.  H.  V.  Winchell  in  the  seventeenth  annual 
report,  pages  130-131.  It  is  also  apparent  that  one  of  these  is 
produced  by  the  action  of  the  gabbro  upon  the  sedimentaries. 
It  appears  also  probable  that  the  southern  belt  of  muscovado- 
is  a  phase  of  the  gabbro  proper  and  that,  if  to  either  the  name 
should  be  continued,  it  should  be  applied  to  this  southern  belt. 

There  remains,  however,  this  possibility,  if  not  probability, 
that  this  southern  muscovado  represents  the  profound'  action 
of  the  true  gabbro  upon  a  basic  Archean  greenstone,  which  has 
been  brought  to  the  surface  in  the  midst  of  th^  gabbro  area  by 
a  later  fault  We  have  learned  from  numerous  observations 
that  all  the  rocks  in  this  region  have  in  some  places  been  ex- 
tensively faulted.  It  will  be  well,  therefore,  still,  before 
adopting  this  duplicate  theory  of  the  origin  of  the  so-called 
muscovado,  to  examine  further  critical  specimens  collected  at^ 
points  where  it  can  be  shown  that  the  true  gabbro  was  super- 
posed upon  a  basic  greenstone  of  Arcbean  age. 
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ADDITIONAL  ROCK  SAMPLES  COLLECTED  IN  1892. 

TO  ILLUSTEATE  THE  REPORT  OP  N.  H.  WINCHELL. 

■1321.  Hard  hematite,  the  ore  of  tbe  Mesabi  Iroa  Co, 'a  land,  sec.  27:,  T. 
40-13,  one  mile  south  of  the  granite. 

'     1628.    So.  2  of  (fae  drill  at  Wicks',  black  and  gray  fine  banded  rock, 
with  m-Agnetlte. 

ie29.    Ho.  3  of  the  drill  at  Wicka',  "black  slates." 

1630.  No.  i  of  tbe  drill  at  Wicks',  gray  quartzyte,  sometimes  porouB, 
-also  sometimes  oon-homogeneoua  with  angular  and  rounded  masses. 

1630  A.    SlIiceouB  balls  or  concretions  from  1630. 

1631.  Ko.  5  of  the  drill,  ore. 

1632.  No.  6  of  the  drill,  flne-gralned  pinkish  quartzyte. 

IS33.  No.  7  of  the  drill,  crystalline  quartzyte;  It  contains  fragmeatal 
quartz  cemented  In  a  matrix  of  quartz. 

1634.  No.  8  of  the  drill,  "greenstooe"  materials  embracing  many 
pebbles  and  grains  of  quartz. 

1635.  Tbe  lower  portion  of  the  last 

1636.  No.  10  of  the  drill,  granite. 

1637.  Sample  of  rock  like  1634,  but  taken  from  the  N£.  i  SW.  i  sec.  28, 
T.  60-13;  maloly  fragmeatal  material  in  nhich  are  conspicuous  fragments 
of  lavender  quartz,  supposed  to  be  from  tbe  granite. 

1638.  An  extreme  phase  of  1637,  mostly  quartz;2SE.  i  NW.  i  sec.  28,  T. 
60-13. 

1639.  Greenish  rock,  supposed  to  be  the  fragmental  substance  more 
scantily  dlBsemioated  through  1638.    Same  locality  as  1638. 

1640.  Pinkish  fine  quartzyte.    NW.  iNB.  i  sec.  32,  T.  60-13. 

1641.  Hagaetlte  from  NW.  i  NE.  i  sec.  32,  T.  60-13;  natural  loadstone, 
only  found  la  small  quantity;  blends  off  Into  the  rock  of  the  iron  belt 
<1631  of  the  drill  record). 

1642.  Represents  the  average  characters  of  the  rock  at  tbe  silver  pit 
opened  by  Chester;  It  Is  Eeewatin  but  quite  (floely)  siliceous;  quartz 
-veins  are  numerous;  compare  442,  also  Bulletin  No.  6,  page  203  and  foot- 
note. 

1643.  Republic  Mountain,  Uich.  Quartzyte  or  grelssen,  supposed  by 
Wadswortb  to  be  of  eruptive  origin. 

1644.  Greenstone  from  the  north  side  of  the  Elepubllc  hill,  approaching 
hornblende  schist. 

1645.  Hematite  from  tbe  no n -conformable  conglomerate  or  upper  Iron 
horizon  at  the  Goodrich  mine,  Mich. 

1646.  Potsdam  quartzyte,  Clarkson's  quarry,  Potsdam,  N.  Y. 
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IMT.    Light  pink  gneiss  from  the  dsm  in  the  Backet  river  at  Potsdam. 

1648.  Darker  gnetas  from  the  Bame  place. 

1649.  Still  darker  goelss,  same  place.  These  have  the  appearaoce  of 
possible  derlvatloD  from  the  Potadam  quartz;te. 

1650.  White  marble,  Crar;'s  mill,  7  miles  westward  from  Potsdam. 

1661.  Graj  conglomerate  marble,  Orary's  mill- 

1662.  Specular  hematite  from  Capt.  Wood's  mine,  5  miles  south  from 
Crarf 's  mill. 

1653.  Hematite  ore  from  a  shaft  4  miles  E.  S.  E.  of  Potsdam. 

1664.  CoDglomerate  in  which  this  ore  occurs. 

1656.  Dark  limestone  samples,  Norwood,  N.  Y. 

1656.  Sandstone  from  Paddock's  quarry,  31  miles  east  of  Malone,  N.  Y. 

1657.  Qabbro  from  the  Adirondacks,  as  worked  for  monuments  at 
Eeesevilte,  N.  Y.;  location  unknown. 

1658.  Fine  granular  gabbro,  dame  place. 

1669.  White  quartiyte,  Keeseville,  N.  Y.;  near  the  water;  dip  8'  to  10° 
N.  N.  E. 

1660.  Emery,  so-called;  seen  on  the  beaches  of  lake  Champlaln  and  at 
Keeeeville  on  the  shores  of  the  Au  Sable  river;  quite  abundant.  It  is 
gathered  and  shipped  In  barrels  as  emery  for  emery  paper. 

leei.  The  hard  quartzyte  forming  the  platform,  right  bank  of  the 
river,  Au  Sable  canyon,  below  the  stairway. 

1662.  Marble,  grayish  to  white,  Gouverneur,  N.  Y. 

1663.  Banded  quartz  rock,  near  Richland,  N.  Y. 

1664.  Ferruginous  sandstone,  31  miles  N.  of  Richland,  N.  Y. 
1666.    Yellow  sandstone,  same  place. 

1666.  Uarble,  same  place. 

1667.  Breccia,  same  place. 

1667  A.    Impure  quartzyte,  same  place. 
1666.    Hematite,  same  place. 

1669.  Gneiss,  DeKalb,  N.  Y. 

1670.  One  of  the  smaller  segregations  of  quartz  dioryte  from  the  slates 
at  Little  Falls,  Morrison  Co.,  Minn. 

1671.  Fragment  of  the  hornblendic  layer  whicb  encloses  the  segrega- 
tion, showing  a  portion  also  of  the  fine  softer  interior;  this  interior  por- 
tion weathers  out  entirely  when  they  are  broken. 

1672.  Another  segregation,  hard  to  the  center;  also  showing  garnets  in 
the  slate  attached;  Little  Falls. 

1673.  Garnetiferous  slate.  Little  Falls. 

1674.  Bed,  flne-gralned  granite,  sec.  18,  T.  4i-30,  Morrison  Co. 
1876.    Darker,  highly  micaceous,  from  the  same  place. 

1676.  Thesame,  showing  contact  with  coarser  granite. 

1677.  Keewatln  greenstone,  from  Bandall,  Morrison  Co. 

1678.  Dioryte,  quarried  at  Little  Falls  on  the  west  side  of  the  river. 

1679.  The  same,  with  coarser  hornblende  crystals. 

1680.  Still  coarser,  more  gabbrolold  in  general  appearance. 

1681.  Fine  limestone,  has  a  pinkish  color,  dense  in  grain;  in  outcrop  on 
west  bank  of  the  Mississippi  Just  below  the  mouth  of  Swan  river. 

1682.  Massive  mica  schist,  west  side  of  the  Mississippi  river  near  the 
center  of  SE.  1  NW.  i,  sec.  30,  128-29,  Morrison  Co. 

1683.  Hardened  segregation  from  1682,  similar  to  those  seen  at  Little 
Falls. 
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1684.  Qabbro,  Fbilbrook,  near  the  mouth  of  the  Fish  Trap  creek,. 
Dorthweatem  corDer  of  Morrison  Co. 

1685.  A  darker,  more  maKnetlled  coadltlon  of  1684. 

1685  A.  SubBeqoently  obtaloed  at  the  same  place  and  sent  b;  Mr. 
Robert  Brown. 

1686.  White  forms  of  this  gahbro  (labradorltlc?),  somewhat  quarried. 

1687.  A  sheared  schistose  condttloa  of  this  gabbro  havlog  a  Terclcal' 
structure;  Phllbrook. 

1688.  Three  samples  of  taconyte  showlug  various  conditlous  of  change 
toward  hematite,  Hale  mlne^  near  Merritt. 

1689.  Conglomerate  from  the  Cincinnati  propertj,  but  not  showing 
any  of  tbe  filnt  pebbles. 

1690.  Disintegrated  quartzyte  from  the  kottom  ot  shaft  No.  2  at  the 
Cincinnati  mine. 

1691.  Form  showing  tbe  penetration  of  iron  into  this  quartzyte,  hard- 
ened and  reddened.  Cincinnati  mine. 

1692.  Tabonyte  from  a  shaft  on  the  Cincinnati  mine. 

1693.  Ditto,  from  the  Duluth  Ore  Co.  (Berrl[«er). 

1694.  Manganese  from  shaft  23,  Biwablk  mine,  94  feet  down. 
I6&5.    Hard  blue  ore  with  some  soft  ore,  shaft  23,  Blwablk  mine. 

leoa  Pinkish  flne  quartiyte  from  the  pit  In  SE.  i  WE  i  sec.  4,  68-16, 
Chicago  property;  resembles  tbe  fine  pinkish  quartzyle  from  Wicks'. 

1697.  Black  slates  from  the  well  sunk  for  water  at  the  HcKlnle;  camp. 

1698.  A  clayey  ball  changed  to  hematitlc  rock,  from  the  southern  plt« 
af  McKinley's;  probably  from  the  black  slate  horizon. 

1699.  Iron  gravel.  Lone  Jack  mine,  near  Virginia. 

1700.  Hlxed  kaolin  and  spongy  ochre  and  hematite,  MesabI  Uountaln 
mine,  near  Vli^lnia. 

ITOl.    Banded  kaolin,  same  place. 

1702.  Flinty,  fine  grained  rock  associated  with  tbe  kaolin,  varying 
from  wbite  to  pinklab;  apparently  a  part  of  tbe  kaolin  stratum;  same 
place. 

1703.  Lump  of  taconyte  showing  various  changes  of  some  of  its  Ingre- 
dients to  hematite  and  gcettalte;  Security  mine,  near  Virginia. 

1704.  Kaolin,  Mesabi  Mountain. 
1704  A.    Silica  balls  from  no4. 

1705.  Hard,£onglomeratic,]aspery  ore,  Virginia  mine.  Over  this  beet 
is  a  stratum,  thickness  unknown,  which  has  received  the  local  designa- 
tion "stove-plate  rock,"  because  It  is  In  thin,  heavy,  firm  sheets,  regular 
and  sonorous,  sometimes  becoming  a  lean  ore.  This  conglomerate  and 
the  "stove-plate  rock"  apparently  belong  below  tbe  main  ore  borlzon. 

1706.  Hard  hematite,  with  kaolin  Id  specks  disseminated  throughout; 
also  with  other  rounded  pebbly  parts. 

1707.  Crucial  specimen  from  the  crucial  pit  on  the  Virginia;  taken 
from  the  point  of  transition  between  tbe  rock  and  ore,  one  specimen 
showing  both.    See  flg.  16. 

1708.  A  dark,  massive  portion  of  the  black  slates,  near  the  Partridge 
river,  a  little  west  of  Allen  Junction;  very  sillclous,  though  noc  properly 
a  quartzyte. 

1709.  Magnetite  ore.  non-tltanlc,  and  associated  with  vitreous  quartz; 
SW.  i  TSW.  i  sec.  4,  T.  62-11.  Probably  from  tbe  Vermilion;  same  as  that 
at  the  rapids  at  north  end  of  White  Iron  lake. 
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1110.  Bock  associated  with  magaetlc  ore  at  Spellman's,  nortb  side  of 
Birch  lake,  about  200  feet  from  the  granite;  eec  23,  T.  01-12. 

1711.  Uagaetlc  ore  taken  from  this  pit. 

1712.  Hornblende  rock  from  the  same  pit;  thought  to  be  the  footwatl. 

1713.  Sample  of  the  h&nigiug  wall  of  the  pit,  granitic  In  aspect,  though 
allied  to  the  gabbro;  Billceous;  from  Mr.  Honnald,  superlotendeot. 

1714.  So-called  black  slate,  presented  by  Mr.  Honnald;  In  his  opinion 
this  oveilies  all  the  ore  and  the  rock  concerned. 

1715.  Qu art zoae  gneissic  rock,  or  t^uartzyte.  It  18  frbm  the  small  Island 
In  the  Kawlshlwi  river,  NW.  i  SE.  i  see.  19,  T.  63-9.  (See  No.  981,  Ifltb 
report.) 

1716.  Simitar  to  1715;  from  the  Island  next  south  of  tbe  last  island. 
This  does  nut  manifest  anj  sedimentary  characters  but  Is  variable  In  Its 
flneneasof  grain  as  well  as  Id  its  manner  of  decay.  This  Island  is  within 
fiO  feet  of  the  south  shore. 

1717.  Fine  grained  olivine  gabbro,  or  coarsegrained  muscovadyte,  from 
the  south  shore.  Those  beds  stand  vertical  in  the  same  manner  as  on  the 
islands.  ■ 

1718.  Bed  granite,  near  the  center  of  sec  2,  T.  S3-9,  Snowbank  lake. 

1719.  Darker  granite  at  tbe  point  near  the  center  of  sec.  36,  T.  64-9, 
Snowbank  lake- 

1720.  Qreenstone,  sac.  34,  T.  64-9,  west  shore  of  Snowbank  lake. 

1721.  A  little  further  west,  and  hence  near  the  granite,  the  greenstone 
Is  granitic. 

1722.  Boot  Island;  this  island  Is  composed  essentially  of  red  graolt^. 
This  sample,  however,  represents  tbe  rock  at  our  camp,  and  also  shows  a 
common  coarse  crystallization  of  orthoclase  occurring  In  old  Joints  or 
veins.  The  rock  now  disintegrates  by  opening  first  along  these  seams, 
leaving  a  layer  of  coarse  orthoclase  crystals  on  each  part.  This  Island  is 
in  the  central  part  of  Snowbank  lake. 

1723-  The  rock  1721  develops  further  east  Into  bold  exposures,  forming 
hills  125  feet  above  the  lake,  becoming  a  characteristic  coarse  conglom- 
erate, hard,  aeml-granltized,  generally  green,  but  weathering  with  a  red 
tint.  This  No.  (1723)  Is  from  a  dyke  of  very  siliceous  rock,  appearing  very 
much  like  the  mass  of  the  formation,  cutting  over  the  bill  in  the  HE.  i 
sec.  34,  T.  83-9;  It  la  not  wholly  crystalline,  but  has  some  needles,  appar- 
ently of  feldspar;  It  is  6  in.  to  36  in.  in  width,  and  weathers  light  red;  it 
contains  no  boulder  forms,  winds  about  like  a  dyke  and  is  porphyritic 
with  a  feldspar. 

1724.  A  gray,  finegrained,  crystalline  rock;  shore  of  Snowbank  lake, 
NW.  i  sec.  35,  T.  64-9.  It  appears  some  like  the  C^lsbke  conglomerate, 
but  will  have  to  be  classed  with  the  granite.  There  are  areas  here  that 
show  really  granitic  strucLure  with  abundant  orthoclase  crystals. 

1725.  The  country  rock,  SW.  i  sec.  28,  T.  64-9,  a  short  distance  east  of 
the  last. 

1726.  Eruptive  granite  or  syenite.  In  Irr^ular  patches,  somewhat  dyke- 
like, appearing  in  1725,  though  these  two  rocka  apparently  grade  into 
each  other.  Along  this  shore  Is  one  of  the  most  striking  Instances  of  the 
conversion  of  a  conglomerate  into  a  crystalline  rock. 

1727.  A  granitic  dyke  cuts  a  micaceous  condition  of  this  conglomerate; 
ooDtact  runs  about  east  and  west;  SW.  1  sec.  26,  T.  «-9. 

172B.  A  micaeouB  condition  of  this  conglomerate,  same  place  as  the 
last.    Tbe  dip  here  appears  distinct  on  the  tops  of  the  knobs;  about  75° 
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E.  SE.,  and  the  strike  Is  IS"  E.  of  'S.    The  dip  Is  encb  as  to  throw  It 
under  the  granite. 

1129.  Porphyry,  od  the  oorth  side  of  the  same  poiDt,  io  a  oarrow,  west- 
ward niDolQgbay;  this  must  underlie  1728.  This  bay  Is  not  shown  on 
the  towDHhip  plat. 

1730.  Porphyry  like  the  last,  but  irregularly  associated  with  and  blend- 
ing Into 

1731.  A  part  of  the  conglomerate.  Theae  are  both  intimately  asso- 
ciated with  characters  pertaining  to  the  Keewatin  greenstone  rock,  of 
which  they  seem  simply  to  be  advanced  conditions  toward  crystallization. 

1732.  Hica  schist.  The  conglomerate  graduates  into  this;  It  is  cut  by 
many  dykes  of  red  granite.    SW.  i  sec.  24,  1.  64-9. 

1733.  Representd  this  conglomeratic  mica  schist  In  sec.  24,  T.  64-9. 

1734.  Seems  to  be  a  portion  of  1733,  but  Is  a  dark  gray,  floe  grained 
rock,  sparingly  interspersed  with  some  crystalline  red  grains;  sees-  29 
a*d  30,  T.  64-8. 

1735.  Dark  syenitlc  rock,  which  takes  the  place  of  the  granite  in  form- 
ing dykes  in  1734;  this  contlnu of  further  east,  forming  the  coast- 

1736.  Dark  greenstone,  crystalline,  SW.  i  sec.  20,  T.  61-8,  out  by 

1737.  Red  granite. 

1738.  Qraywacke-greenstone,  outlet  to  Snowbank  lake. 

1739.  Coarse  hornblende  granite,  east  side  of  sec.  31,  T.  64-6,  Snowbank 
lake,  presenting  the  so-called  "bedded"  structure  of  much  of  that  about 
Baselmenan  lake. 

1740.  Dike  cutting  granite  In  sec.  1,  T.  63-9. 

1741.  Bed  granite,  appearing  suddenly  In  graywacke,  on  the  west  shore 
of  Boot  lake;  NW.  i  Sec.  21,  T.  64-8.  It  la  transitory;  graywacke  pre- 
vails all  aUout. 

-    At  the  great  Knife  Lake  headland,  near  the  portage  to  Dough- 
nut lake,  the  following  specimens  were  collected: 

1742.  Southwest  corner  of  the  headland  at  the  water  level. 

1743.  The  same,  having  a  flint  film. 

1744.  The  same,  having  dlSerent  grain. 

1745.  A  layer  1  foot  thick  running  straight  In  the  rock  of  the  hill  for 
at  least  26  feet,  when  It  becomes  hidden  under  the  water  at  one  end,  and 
under  the  soil  at  the  other. 

1746.  A  conglomeritlc  portion  of  the  rock  of  the  hill,  wlthmany  pyrlte 
cubes.  The  rounded  "boulder  forms  that  are  dislodged  and  roll  out  are 
from  3  to  8  inches  in  diameter,  all  charged  with  pyrlte,  same  as  ihe  rock 
itself.  The  pyrltiferoua  character  gradually  fades  out  upward  and  Is  en- 
tirely wanting  at  45  feet  above  the  lake.  This  is  on  the  north  side  of  the 
promontory. 

The  following  specimens  were  collected  in  makfng  a'trip 
over  the  headland  from  north  to  south: 

1747.  Twenty-five  feet  above  the  lake. 

1748.  Fifty  feet  above  the  lake. 

1749.  From  the  northern  crest  of  the  hill. 
1760.  Top  of  the  headland  near  the  center. 
1751.    From  the  southern  crest  of  the  hill. 
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Anyone  examining  these  would  at  once  pronounce  them  all 
the  same  rock,  excepting  1745  and  1 746.  They  appear  very 
much  like  gabbro,  and  the  general  physical  aspect  of  the  hill 
and  the  jointage  of  the  rock  increase  the  resemblances,  but  they 
are  probably  a  condition  of  the  Ogishke  conglomerate.  The 
headland  may  rise  250  feet  above  the  lake. 

1762.  Sample  of  a,  dike  cutting  grit  and  argillaceous  schist;  SW.  i  NB. 
i  eec.  32,  T.  65-6.     Dike  runs  approximately  north  and  soutti. 

1763.  Qrit,  riDgs  like  cast  iron,  cut  by  the  above  dike;  rather  coarse, 
but  some  Is  coarser  and  some  is  finer.    Pieces  of  state  are  embraced  in  It. 

1764.  A  f  ratimental,  gritt;  rock,  very  hard  and  gray,  outwardly  resem- 
bllDg  gabbro;  the  matrix  Is  flinty,  but  not  Bint.  Prom  a  little  Island  Id 
a  lake  in  SW.  i  sec.  33,  T.  65-6.  The  sample  is  from  a  thin  tted  (6  Inches) 
embraced  In  the  rock  of  the  Island.  This  wedges  out  as  tf  squeezed  into  a 
space  of  that  shape  while  the  whole  was  semi-plastic.  Besembles  tin 
rock  of  the  Knife  Lake  headland. 

1765.  On  the  same  island  the  rock  1751becomefl  finer,  still  gray,  felsit- 
Ic,  with  quartz  grains  disseminated,  exactly  like  the  rock  of  the  pebbles 
of  the  Stuotz.  conglomerate.  It  is  however  a  portion  of  the  Oglshlfe 
conglomerate.    Sample  shows  contact  between  two  aspects. 

In  ascending  the  westerly  of  the  Twin  peaks  with  Messrs. 
Grant  and  Ogaard,  the  mounttun  was  found  to  be  made  up 
almost  entirely  of  the  so-called  ambiguous  greenstone,  nearly 
all  the  way  showing  conglomeritic  structure,  but  in  many  cases 
becoming  much  like  a  true  irruptive  greenstone.  That  it  is 
wholly  f  ragmental,  however,  at  least  on  its  northern  slopes,  is 
the  plainest  of  facts. 

1756.  On  leaving  the  little  lake  in  sec.  33,  we  first  came  upon  a  low 
ridge  of  fine  grained  greenstone,  apparently  of  Igneous  origin. 

1757.  Going  on  we  pass  innumerable  places  where  the  rock  contalna 
boulders  and  fragments  of  all  sizes  and  is  quartzlferous.  This  specimen 
shows  a  prevalent  phase. 

1758.  Shows  the  coarseness  and  evident  Igneous  characters. 

1759.  The  same. 

1760.  Fine  grained  condition  of  the  country  rock  on  the  top. 

1761.  Coarser  grained  condition  of  the  country  reckon  the  top.  These 
both  look  much  like  true  diabases,  aud  no  tmulder  forms  appear  in  the 
rock. 

A  dike  of  diabase,  10  feet  wide,  runs  distinctly  through  this  peak,  45° 
W.  of  N.,  and  tiaa  characteristic  contacts  on  each  side,  the  contact  being 
fine  grained  Snd  the  center  coarser. 

1762.  Central  part  of  this  dike. 

1763.  Near  tbe  edge. 

1764.  Showlugcontactwith  tbe  counti7  rock,  the  black  is  the  diabase 
and  appears  like  black  slate. 

1766.  Is  a  piece  of  tbe  finer  hornblende  porpbyrel,  north  side  of  Eeke- 
quabic  lake. 
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nee.  SW.  J  SW.  i  sec.  31.  T.  BS-e;  Bample  which  seems  to  be  a  par- 
tial porphyry,  partial  conglomerate  and  partial  granite.  Orant's  787.  In, 
this  coDglomerate  here  are  many  pebbles,  maDy  of  red  jasper . 

1767.  Pebbles  from  a  porphyry  knob,  SW,  corner  sec  29,  T.  65-6,  on- 
Kekeqaablc  lake. 

1768.  From  the  same  knob  at  the  SE.  ezteosloD,  where  the  rock  is 
DOt  porphyritlc;  fine  grained,  almost  felslttc,  not  evidently  fragmental^ 
graduates  Into  the  porphyritlc  portion . 

1769.  From  the  N,  side  of  the  narrows  of  Zeta  lake;  porphyrltic  con- 
glomerate or  porphyrel. 

1770.  From  the  south  side  of  the  narrows,  near  the  point.  Samples  from 
this  place  suKgested  to  Dr.  A.  Wlnchell  the  term  porphyrel  for  this  por- 
phyrltic conglomerate. 

1771.  SW.  iNE,  J  sec.  36,  T.  6&-e,  N,  shore  of  Agamok  lake.  Hard- 
ened, semi-crystalline  graywacke,  from  the  aamn)lt  o(  a  hill  about  250  ft. 
above  the  lake,    Thedlp  isNW.  40». 

1772.  NW.  i  SW,  i  sec.  31,  T.  65-5.  Graywacke.  This  holds  pebblea 
and  one  of  what  appears  like  jasper  under  water.  No  dip  nor  strike  visi- 
ble; doubtfully  belonging  to  the  gnywacke  series.  There  is  a  dim  ap- 
pearance of  strike  northeast. 

1773.  One  hundred  yards  north  of  the  last  is  another  low  sloping  sur- 
face of  similar  rock,  with  still  no  certainty  of  dip  nor  age  of  the  rock. 

1774.  At  the  extreme  head  of  the  bay;  similar  rock  to  the  last,  rising 
from  the  water  and  forming  low  ridges.  On  one  of  these  ridges  the  dip  Is. 
plain,  varying  foom  vertical  to  70"  eastward;  strike  Is  north  and  south. 
While  this  rock  lias  some  argillitic  features,  such  as  those  of  the  black 
slates  seen  on  Enlfe  take,  yet  in  most  cases  it  resembles  a  very  fine  grained 
muscovadyte. 

1775.  From  the  older  formation  near  the  gabbro,  on  the  east  side  of  the 
northeastward  bay. 

1776.  NE.  i  SB.  i  sec.  30,  T.  65-5;  from  hill  rising  about  150  feet;  sam- 
ple of  this  doubtful  muscovadyte, 

1777.  Several  samples  collected  from  Uuscovado  point,  Oablmlchlgam% 
lake. 

1778.  Rather  fine  grained  gabbro  or  muscovadyte,  from  the  top  of  th& 
cliff  facing  north  at  NE,  i  NE.  i,  sec.  34,  T,  65-5,  near  the  Junction  of  tha 
two  branches  of  the  creek, 

1779.  Sample  of  the  quartzyte  from  the  same  place,  on  the  north  slope 
of  the  hill;  some  of  this  appears  micaceous. 

1780.  Just  across  the  creek,  north  from  the  foregoing,  Is  the  extension 
of  the  muscovadyte  range,  seen  yesterday  on  Oablmichlgama  lake,  but 
here  It  has  a  greenish  tinge,  approaching  the  greenstone  of  Bingoshick 
lake,  as  well  as  that  of  Twin  peaks, 

1761.  Muscovado  greenstone.  Immediately  twlow  the  quartzyte;  NE.  i 
sec.  36,  T.  66-6. 

1782.  Quartzyt«  from  the  top  of  the  ridge,  same  place. 

1782  A.  Quartzyte  near  the  contact  with  I78I.  Tbe  bedding  must 
amount  to  nearly  100  feet. 

1783,  Uagnetite  from  the  east  end  of  Flying  Oloud  lake;  from  a  large, 
nearly  vertical  clifl  at  the  southeast  comer  of  the  lake.  ■ 
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1T84.  North  elde  o^  Huecorado  lake.  This  is  a  remarkable  rock,  aa  It 
resembles  muscovado,  nhlcb  we  auppoBe  to  be  the  result  of  a  change  In 
sedlmeDlary  rocks;  It  Is  a  remarkable  circumataace  also  thatso  far  soutb, 
within  the  gabbro  area,  so  touch  of  this  rock  Is  found.  It  is  heavily 
Jointed,  nearly  horizontal  and  slides  Id  sheets  into  the  lake  towards  the 
southeast,  the  sheets  being  from  \  inch  to  6  Inches  tblck.  Small  Dodules 
weather  out  on  the  surfaces  and  some  larger,  harder  patches  also  appear, 
resembling  some  seen  In  the  changed  graywackes  on  Gablmlcblgamalake. 
This  rock  prevails  about  the  shores  of  Muscovado  lake,  on  the  shores  of 
tbenortb  h  alf  of  Basbi  tanaqueb  lake,  and  Just  north  of  the  latter  It  forms 
some  high  bills. 

1785.  Uttscovadyte  from  the  north  side  of  Bashltanaqueb  lake.  The 
south  shore  of  this  lake  la  made  up  of  fresh,  gray,  coarse  gabtro. 

In  October,  1892,  some  samples  were  collected  at  the  original 
working  at  the  Mountain  Iron  showing  the  forms  of  the  quartz 
in  thi:j  formation,  designed  for  microscopic  examination,  viz.: 

a.  Tac  onyte,  siliceous  cement  (chalcedontc?;,  embracing  Iron  ore  both 
massive  and  In  rounded  pellets.    Magnetite? 

h.  ChalcedonlcEllIca  from  the  same  place,  showing  inclusions  of  kao- 
llnlc  (?)  stulT.  rounded. 

c.    Greenish,  fine  Pewabic  quartzyte,  clearly  striped. 

ft-    Same  as  c,  but  coarser. 

«.    "  Quartzyte,"  a  sandstone,  apparently  feldspathic,  rusted  in  blotches. 
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PUBLICATIONS  OF  THE  GEOLOGICAL  AND  NATUEAL 
HISTORY  SURVEY  OP  MINNESOrA. 


L    AHNDAL  EEFOBTS. 
(Distrlbated  by  the  State  GeoIoslBt.) 

Thb  First  Annual  Bbpobt,  for  1872.  112  pp.,  8vq.;  witb  a  colored  map 
of  the  state.  By  N.  H.  WinduU.  Publiehed  in  the  Begents'  Beport 
for  1872;  contains  a  sketch  of  the  geologf  of  the  state,  as  then  known, 
and  a  list  of  earlier  reports.    Second  edition  (1834)  identical. 

The  Second  Annual  Beport,  for  1873.  145  pp.,  8vo.;  with  illustra- 
tions. By  N.  H.  Wincheaa,ad  8.  F.  Peckham.  Published  in  the  Be- 
geuts' Beport  for  1873.    Second  edition  (1803)  identical.    . 

The  Third  Annual  Bbfort,  fob  1874.  42  pp.,  8to.;  with  two  county 
maps.  By  N.  H.  WintMl.  Published  Id  the  Regents'  Beport  for 
1674.    Second  ediUon  (1894)  identical. 

The  Foubth  Annual  Report,  fob  1876.  162  pp.,  8to,;  with  four 
county  maps  and  a  number  of  other  illustrations.  By  N.  H.  Win^ieU, 
assisted  by  Jf.  W.  HarringUm.  Also  in  the  Begents'  Report  for  1876. 
Out  of  print. 

Thb  Fifth  Annual  Bbport,  for  1876.  248  pp.,  8vo.;  four  colored 
maps  and  several  other  Illustrations.  By  N.  H.  Tftnchelf,-  with  re- 
ports on  Chemistry,  by  S.  F.  Peekham;  Ornithology,  by  P.  L.  HaUA; 
Entomol<%y,  by  Alien  Wh^iman;  and  on  Fungi,  by  A.  E.  JoKnaon. 
Also  in  the  Regents'  Beport  for  1876.    Out  of  print. 

The  Sixth  Annual  Beport,  fob  1817.  226  pp.,  8to.;  three  geological 
maps  and  several  other  Illustrations.  By  JH.  3.  Wxnchell;  with  reports 
onChemical  Analyses,  by  S.F.Peckhatni  on  Ornithology,  by  P.  L.Bdtch; 
on  Dntomoiogy,  by  Allen  Wh^man;  and  on  Geol<igy  of  Klce  county,  by 
L.  B.  Sperry.    Also  In  the  Begents'  Beport  for  1877.    Out  of  print. 

The  Seventh  Annual  Kkport,  for  1878.  123  pp.,  8vo.;  with  twenty- 
one  plates.  By  N.  H.  WincheU;  with  a  field  report,  by  C.  W.  Hall; 
Chemical  Analyses,  by  S.  F.  Peckham;  Ornithology,  by  P.  L.  Hatch; 
alistof  the  plants  of  the  north  shore  of  lake  Superior,  by  B.  Juni; 
and  an  Appendix  by  C.  L.  HtTrick  on  the  Microscopic  Entomostraca 
of  Minnesota;  twenty-one  plates.  Also  In  the  Begents' Beport  for 
1878.    Out  of  print. 

The  Eighth  Annual  Bbpobt,  fob  1879.  183  pp.,  8vo. ;  one  plate  (Cas- 
toToldes).  By  N.  B.  WincheU;  containing  a  statement  of  the  Uettaods 
of  Uiscroscoplc  Llthology;  a  discussion  of  the  Cupriferous  Series  In 
Hinneeota,  and  descriptions  of  new  species  of  Brachlopoda  from  the 
Trenton  and  Hndnon  Blver  formations;  with  reports  on  tbe  Gleology 
of  Central  and  Western  Minnesota,  by  Warren  Up/wm;  on  the  Lake 
Superior  region,  by  0.  W.  HaU;  lists  of  birds  and  of  plants  from  Lake 
Superior,  by  Tfumag  8-  Roberts;  Chemical  Analyses,  by  5.  F.  PeckAam; 
Beport  by  P.  L.  Saieh;  and  four  Appendixes.  Also  In  tbe  Begents' 
Report  for  1879  and  1880.    Out  of  print. 
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The  Kimth  AmniAL  Bbfort,  fob  1S80.    382  pp.,  Svo.,  three  Appendiies, 
two  wood  cut  llluatrations  and  six  plates.    By  If.  H.  WifuheU.    Cdd- 
talolDft  fletd  descriptions  of  442  crystalline  rock  aamples,  and  notes  od 
their  geographical  relations,  tram  the  northern  part  of  the  state,  new 
Brachiopoda,  the  water  supply  of  the  Bed  Btver  valley,  and  simple 
teste  of  the  qualities  of  water;  with  reports:  on  the  upper  Mississippi 
region  by  0.  E.  Garrison;  on  the  Hydrology  of  Minnesota,  by  0.  Jf. 
Terry;  on  the  Glacial  Drift  and  ite  Terminal  Moraines,  by  Warre» 
TJpham;  Chemical  Aoalyses  by  J.  A.  Dodge;  s  list  of  the  birds  of  Min- 
nesota, by  P.  L.  HctUh;  aod  of  the  winter  birds,  by  Zhonuu  8.  BoberU. 
Also  in  the  Brent's  Beport  for  1879  and  1880.    Out  of  print. 
Thb  Tkmth  AjtHUAi.  Bbpobt,  70K  1881.     264  pp.,  8vo.;  with  ten  wood 
cut  lllostrations  and  fifteen  plates.     By  N.  H.  WindielL    Gootalning 
field  descriptions  of  about  four  hundred  rock  samples,  and  notes  oq 
their  geolc^ical  relations,  continued  from  the  last  report^-  the  Pots- 
dam sandstone;  typical  tbln  sections  of  the  rocks  of  the  Cupriferous 
series;  and  the  deep  well  at  the  "C"  Washburn  mill,  Minneapolis; 
with  geological  notes,  by  J.  H.  Klooa;  Chemical  Analyses,  by  /.  A- 
Dodgt;  and  papers  on  the  Crustacea  of  the  fresh  waters  of  Hinoeeota, 
eleven  plates,  by  C.  L.  Eerridc.    Also  In  the  Begent's  Beport  for  1881 
and  1862. 
Tns  Eleventh  Annual  Befobt,  fob  1882,    2l9pp.,8vo;  with  three 
woodcut  illustrations  and  one  plate.  Bj  If.  H.  Winehetl.  Contalnli^; 
a  report  on  the  Mineralogy  of  Minnesota,  and  a  note  on  the  age  of  the 
rocks  of  the  Mesabi  and  Vermilion  iron  districts;  with  papers  on  the 
crystalline  rocka  of  Minnesota,  by  A.  Streng  and  J.  H.  Klooi;  on  rock 
outcropH  in  Central  Minnesota  and  on  Lake  Agassiz,  by  Warren,  Up- 
ham;  on  the  iron  region  of  Northern  Minnesota,  by  Albert  H.  OhaUr; 
Chemical  Analyses,  by  /.  A.  Dodge;  and  an  Appendix  containing  Min- 
nesota Laws  roiatingto  Mines  and  Mining,  atwtracted  by  O.^-fiemob. 
Also  In  the  Be^ente'  Beport  for  1881  and  1882. 
The  Twelfth  AmnrAL  Bbfobt,  fob  1863.    Summary  report,  containing 
paleODtological  notes  and  a  paper  on  the  comparative  strength  of 
Minnesota  and  New  England  granites,  twenby-siz  pages,  by  N.  E. 
WineMl;  final  report  on  the  Crustacea  of  Minnesota,  Included  in  the 
orders  of  Cladocera  and  Copepoda,  102  pages  and  30  plates  byC.  L. 
BerrUJc;  and  a  catalogue  of  the  Flora  of  Minnesota,  103  pages,  with  one 
map  showing  the  forest  distribution,  by  Wantn  Vpiuan.    Also  in  the 
Begents'  Beport  for  1683  and  1684. 
The  Thikteenth  Annual  Bepobt,  fob  1864.  106  pp.  Geological  recon. 
Dolssances,  the  Vermilion  Iran  ores,  the  crystalline  rocks  of  Minnesota 
and  of  the  Northwest,  the  Humboldt  salt-well  In  Kittson  county,  rec- 
ords of  various  deep  wells  In  the  state,  fossils  from  the  red  quartzyte 
at  Pipestone,  reports  on  the  New  Orleans  Exposition  and  on  the  Gen- 
eral Museum,  by  N.  H.  WincheU;  Geology  of  Minnebaha  County,  Da- 
kota, by  Warren  Up^m;  Chemical  report,  by  Prof.  Ja*.  A.'^Dodge; 
Minnesota  geographical  names  derived  from  the  Dakota  language,  by 
PvUf.  A.  W.  IFiUtomMin;  Insects  injurioustothe  cabbage,  by  O.  W.Oe^ 
lund;  Geological  notes  in  Blue  Earth  county,  by  Prof.  A.  F.  BeehdoU; 
and  on  a  fossil  elephant  from  Stockton,  by  Prof.  John  Holzinger;  pa- 
pers on  the  Cretaceous  fossils  in  the  boulder  clays  In  the  Northwest, 
bjQtorgeif.  Zkueton  and  by  Woodmard&nA  Humas;  and  notes  on  the 
Is  of  Big  Stone  lake  and  vicinity,  by  O.  L.  Herrick. 


Thb  Fouktbbnth  Annual  Bbfort,  foe  IBSS.  364  pp.;  two  plates  of 
foflslls  and  two  wood  cuts.  Bj  N.  M.  TFtnrfteii,  Oontalnlng  summary 
report,  notes  on  some  deep  wells  In  Minnesota,  descriptioDS  of  four 
new  species  of  fossils,  a  supposed  natural  alloy  of  copper  and  silvet 
from  tbe  Dortli  shore  of  lake  Saperior,  and  revision  of  the  atratl- 
grapby  of  tbe  Cambrian  in  Minnesota,  with  the  following  papers  by 
assistants,  viz:  List  of  the  AphididsB  of  Minnesota  with  descriptions 
of  some  new  species  by  O.  W.  Oestlund;  Report  on  the  Lower  Silurian 
Bryozoa,  with  preliminary  descriptions  of  some  new  species,  by  E.  0. 
Vlrich;  Ckincholf^ical  notes,  by  U.  S.  Grant;  Bibliography  of  the  For- 
aminifera,  recent  and  fossil,  by  Anihong  Woodward. 

Thb  Fiftkknth  Ankuai,  Kbpobt,  For  1886.  493  pp.,  8vo.;  120  dlaffraia 
illustrations  and  sketches  In  tbe  text,  and  two  colored  maps;  embrac- 
ing reports  on  obserTationa  on  the  crystalline  rooks  in  tbe  northeast- 
ern part  of  the  stale,  by  Alexander  WincKdl,  N.  H.  Winckell  and  3.  V. 
WincheU;  Chemical  report  by  Prvf.  J.  A.  Dodge;  additional  railroad 
elevations  by  N.  B.  WincheU;  Hat  of  H in neaota  geographical  names 
derived  from  the  Chippewa  language,  by  Bet).  J.  A.  GilJlUati;  and  notes 
on  Illienl,  describing  three  new  species,  by  Au^.  F,  Foerste.  Also  aa 
supplement  II  of  tbe  Regents'  Report  for  1887-1888. 

Thb  Sixtbbmth  AmiUAL  Rbpobt,  POb  1887.  504  pp.,  8to.;  two  plates 
and  83  other  Illustrations.  Contains  reports  on  the  original  HuronSan 
area,  the  Marquette  Iron  region,  on  the  Gogebic  and  Penokee  Iron- 
'  bearing  rocks,  on  the  tonnatlona  of  northeaatern  Minnesota  (includ- 
ing the  physical  aepectA,  vegetation,  quadrupeds  and  other  Terte- 
brates),  the  geology  of  the  region  northwest  from  Yermllion  lake  to 
Rainy  lake  and  of  the  Little  and  Big  Forks  rivers;  also  notes  on  the 
MoUascan  fauna  of  Minnesota. 

Thb  Sbtentbbkth  Aknual  Rbipobt,  for  1888.  280  pp.,  8to.;  ten  text 
Illustrations.  Contains:  Beport  of  N.  H.  Wimdiell,  the  crystalline 
rocks  of  Minnesota,  a  general  report  of  progreM  made  In  the  study  of 
their  field  relations,  with  a  bibliography  of  recent  works  on  the  crys- 
talline rocks;  report  of  B.  Y.  WxnO^eil,  field  observationa  In  the  Iron 
regions;  report  of  U.  8,  Brant,  geological  observations  In  northeast- 
ern Minnesota. 

TSb  Biobteekth  Akkuai.  Report,  for  1889.  234  pp.,  8to.  Report  of 
further  field  observations  in  the  regions  of  tbe  crystalline  rocks  of  the 
state  and  In  the  area  of  the  original  Huronlan,  by  N.  M.  WineheU,  and 
a  review  of  American  opinion  on  tbe  older  rocks,  Alexander  WincheU. 

Thb  NnwrBKKTH  Ahktial  Report,  fob  1890.  266  pp.,  8vo.;  with 
illustrations.  Translation  of  Borlcky's  elementa  of  a  new  Chemlco- 
mlcroscopic  method  of  analysis  of  rocks  and  minerals  and  of  Kloos' 
Geognostic  and  Geographical  observations  In  Minnesota  in  1877,  by 
N.  H.  Winrhell;  Chemical  report  by  Prof.  Dodge;  the  woods  of  Minne- 
sota, by  B.  B.  Ayrea;  Uuseam  and  library  additions;  List  of  meteor- 
itles  in  the  museum;  Petography  and  geology  of  the  Akelcy  lake 
region,  W.  S.  Bayley;  New  Lower  Silurian  Lam  ell  Ibranch  lata,  B. 
O.  UMch. 

The  Twbntiktb  AmruAL  Report,  for  189^.  344  pp.,  8vo.;  twelve 
plates  and  33  text  Illustrations.  Summary  statement;  Tbe  crystal- 
line rocks— eome  preliminary  considerations  as  to  their  structures 
and  origin,  by  N.  B.  WincheU;  Field  notes  In  1890,  by  N.  B.  WincheU; 
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Addlbional  rocksampteeto  UlUBtrate  Dotee,  by  JT.  if.  yfinchetl;  Field 
obeervatloas  oq  certain  granitic  acres  in  northeastern  Mlnneeota,  by 
U.  S.  Ormit;  Catal(%UQ  of  roclc  apecimens,  by  U.  S.  Oronl;  The 
Mesabi  iron  ranRe,  by  H.  V.  WinOieU;  Sketch  of  the  coastal 
topograplty  of  the  north  side  uf  lalie  Superior,  with  special 
reference  to  the  abandbned  strands  of  lake  Warren,  (the  greatest 
of  the  late  Quaternary  lakes  of  North  America),  by  A.  C.  Law 
«on;  Dlatomaceai  of  Minnesota  iDter-Glacial  peat,  by  B.  W.  Thimuu, 
{vltb  list  of  species  and  some  notes  upon  them,  by  H.  L.  SmUh; 
and  directions  for  the  preparation  and  mountli^  of  Dlatomaces,  by 
C  JoAiMton  and  H.  L.  Smitk);  Oxide  of  manganese,  by  If.  B.  tftncheU; 
Museum  additions;    Addltiooa  to  the  library. 

THK    TWKNTT-nRST      ASttVAL    fiSPOKT,  FOB  j892.      171    pp.,  STO.,"   tWO 

plates  and  21  text  illustrations.    Summary  statement  and  compara- 
tive nomenclature,  with  a  table  of  the  Pre-Silumn  rocks  of  Minne- 
sota and  their  equivalents;     The  geology  of  Kekequablc  lake  in 
northeastero  Minnesota,  with  special  reference  to  an  auglte  soda- 
granite,  by  17.  S.  Orant;    Catalogue  of  rock  specimens,  by  17.  S.  Oranl; 
Field  observations  in  1892,  by  2f.  H.  WinckeO;    Some  problems  of  the 
Mesahl  iron  ore,  by  N.  H.  WineheU;  Additional  rock  samples  to  illus- 
trate report,  by  N.  H.  WindteU;    Additions  to  the  library. 
II.    FINAL  REPORT. 
(Distributed  by  tbe  State  G«olosi«t.} 
THB  aBOLOOX  OF  MlKKBSOTA.     "VOL.  I   OF  THE  FiNAI,  RBPOBT.      1872— 

1882,  xlv  and  697  pp.,  quarto;  lllUBtrated  by  forty-three  plates  and 
flfty-three  figures.  By  S.  H.  Wiiuhell,  assisted  by  Warttn  Upkam. 
Containing  an  historical  sketch  of  explorations  and  surveys  in  Minne- 
sota, the  general  physical  features  of  the  state,  the  building  stones 
and  the  Geology  of  Houston,  Winona,  Fillmore,  Mower,  Freeborn, 
Pipestone,  Rock  and  Rice  counties,  by  N.  H.  WiwAeU;  the  Qeology  of 
Olmsted,  Dodge  and  Steele  counties,  by  31.  W.  Harrington;  and  the 
Geology  of  Waseca,  Blue  Earth,  Faribault,  Watonwan,  Martin,  Cot- 
tonwood, Jackson,  Murray,  Nobles,  Brown,  Redwood,  Tellow  Medi- 
cine, Lyon,  Lincoln,  Big  Stone,  Lac  qui  Parle  and  Le  Sueur  counties,  - 
by  Wai-ren  Upham.  Distributed  gratuitously  to  all  public  libraries 
and  county  auditors'  offices  In  the  state,  to  other  state  libraries  and 
state  universities,  and  to  leading  geologists  and  scientific  societies; 
the  remainder  are  held  for  sale  at  tbe  cost  of  publication,  t3.H)  per 
copy  In  cloth,  or  «5  in  grained,  half  roan  binding,  upon  application  to 
Prof.  N.  H.  WincheU,  Minneapolis. 

TnK  Geoloqy  of  Minnesota.  Vol.  II  of  the  Final  Refobt.  1882 — 
1S85,  xxlv  and  696  pp.,  quarto;  Illustrated  by  forty-two  plates  and 
thirty-two  figures.  By  N.  B.  WincheU,  assisted  by  Warren  Vpham. 
Containing  chapters  on  the  Oeolf^y  of  Wabasha,  Goodhue,  Dakota. 
Hennepin,  Bamsey  and  Washington  counties,  by  N.  S.  WincheU;  and 
on  Carver,  Scott,  Sibley,  Nicollet,  McLeod,  Renville,  Swift,  Chip- 
pewa, Kandiyohi,  Meeker,  Wright,  Chisago,  Isanti,  Anoka,  Benton- 
Sherburne,  Stearns,  Douglas,  Pope,  Grant,  Stevens,  Wilkin, Traverse 
Otter  Tail,  Wadena,  Todd,  Crow  Wing,  MorrlBon,  Mllle  Laca,  Kana- 
bec, Pine,  Becker  and  Clay  counties,  by  Warren  Upham.  Distributed 
according  to  law,  In  the  same  manner  as  Vol.  I.  above. 

The  PALBONTOLoax  OF  Mennbbota.  Vol.  Ill  of  thb  Final  Rb- 
POHT.    In  press. 
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III.    MISCELLANEOUS  PUBLICATIONS. 

(niBtrlbuted  by  the  SUte  QoologlBt.) 

1.  Circular  No.].    A  copy  uf  thelaworderlog  the  survey,  aod  a  Dotre   . 
asking  the  co-operation  of  citizens  and  otherB.    18T2. 

2.  Peat  for  Domestic  Fuel.    1874.    Edited  by  S.  F.  Peckham. 

3.  Report  of  the  Salt  SpROfo  Lands  Dve  the  Stats  of  Hinnb- 

BOTA.  A  history  or  all  official  transactions  relating  to  them,  and  a 
statement  ol  tbelr  amount  and  location.    1874.    By  N.  H.  WinchelL 

4.  A  Catalogue  of  the  Plants  of  Minnesota.    Prepared  In  1865, 

by  I.  A-  Lapham,  contributed  to  tbe  Geological  and  Natural  His- 
tory Survey  of  MlDuesota,  and  published  by  the  State  Horticul- 
tural Society  In  1875. 
6.     GiRCCLAK  No.  2.     Relating  to  botany,  and  giving  general  directions 
for  collecting  Information  on  the  flora  o(  the  state.     1876. 

6.  Cikcular  No.  3.  The  establishment  and  organization  of  the  Museum. 

1877. 

7.  CiBCULAB  No.  4.    Relating  to  duplicates  in  the  Museum  and  ex- 

chauKes.    1878, 

8.  TnB  Building  Stones,  Clays,  Lncss,  Cements,  Roofing,  Flaoo- 

iNO  and  Paving  Stones,  ok  Minnesota.  A  special  report  by  N. 
H.  WMcheU.    1880. 

9.  CiBCULAB  No.  5.    To  Builders  and  Quarrymen.    Relating  to  the  col- 

lection  of  two-Inch  cubes  of  building  stones  for  physical  tests  of 
strength,  and  for  chemical  examination,  and  samples  of  clay  %nd 
brick  tor  the  General  Museum.     1880. 

10.  CiBCULAR  No,  6.    To  owners  of  mills  and  unimproved  water-powers. 

Relating  to  the  hydrology,  and  water-powers  of  Minnesota.    1880. 

IV.    BULLETINS. 

'Distributed  by  tbe  State  OeologUt.  except  No.  e,  which  l>  distributed  bj  the  State 
Botanist.) 

No.  1.  History  of  Geological  Surveys  in  Minnesota.  8vo.,  pp.  37.  1889. 
By  N.  H.  Winehai. 

No.  2.  Preliminary  Description  of  the  Perlodotytes,  Gabbros,  Diabases 
and  Andesytesof  Minnesota.  8vo.,  pp.  168;  12  colored  plates. 
1887.    By  M.  E.  Wadmxrrth. 

No.  3.  Report  of  work  done  in  Botany  In  the  year  1886—1887.  8vo.,  pp.  56. 
By  J.  C.  Arthur. 

No.  4.  A  Synopsis  of  the  Aphidldse  of  Minnesota.  8to.,  pp.  100.  1887.  By 
0.  W.  Oettlwnd. 

No.  5.    Natural  Gas  tn  Minnesota.    8vo.,  pp.39.  1889,  Bj  N.  H.  WineheU. 

Ho.  6.  The  Iron  Ores  of  Minnesota.  Their  geology,  discovery,  develop- 
ment, qualities  knd  origin,  and  comparison  with  those  of  other 
Iron  districts,  with  a  geological  map,  26  figures  and  44  plates. 
8vo.,  pp.  430.    1891.    N.  H.  WincheUaaA  H.  V.  WincheH. 

No  T.  The  Mammals  of  Minnesota.  A  scientific  and  popular  account  of 
their  features  and  habits,  with  23  figures  and  eight  plates.  8vo., 
pp.  300.     1892.    By  C.  L.  Hetrick. 

No.  6.  The  anortbosytes  of  the  Minnesota  coast  of  Lake  Superior,  by  A. 
C.  Lavaon.  The  laccolitlc  sills  of  the  Northwest  coast  of  Lake 
Superior,  by  A.  C-  Lawgon.  Frefactory  note  on  the  Norlan  of 
the  Northwest,  by  tf.  H.  WindieU,.  8vo.,  pp.  sxslv,  46,  7  plates 
and  8  text  tllustrations.    1893. 
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refatory  note.  On  the  occurreDce  of  SpbagDum  atoUs  in 
Minnesota,  'tis  Omioay  MacSfiUan.  Some  extension  of 
ages,  by  E.  P.  Sheldon.  On  the  nomeaclatureof  some 
merican  species  of  Astragalus,  by  S.  P.  Sheldon.  List 
naterAlRS  collected  Id  Minnesota  during  1893,  by 
;  E.  TUden.  On  the  poisonous  lnflueDC«  of  Cypri- 
peetabile  and  Oypripedium  pubewwtis,  by  D.  T.  MacDougal. 
.  38,  three  plates.    18B4. 

VI.    BOTANICAL  SERIES. 

(DlBtrlbuWd  by  tho  StiiW  Botan[at.l 

LB  OF  THE  Minnesota  Yalley,  a  list  of  the  higher 
luclng  plants  Indigenous  to  the  drainage  basin  of  the 
ta  river,  by  Conway  MacMiUan.    eve,  pp.  82S.    1892. 

y.    ZOOLOGICAL  SERIES. 

(DlBtrlbuMd  by  the  State  Zoologist,} 
THE  State  Zoologist,  accompanied  with  notes  on  the 
Minnesota,  by  P.  L.  Ealeh.    8vo.,  pp.  487.    1892. 
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Minneapolis,  Minn.,  Aug.  1,  1894. 
To  the  President  of  the  Board  of  Regents: 

Dbar  Sib— I  have  the  honor  to  offer  herewith  the  twenty- 
second  anoual  report  of  the  Geological  and  Natural  History 
Survey  of  Minnesota.  It  embraces  preliminary  field  reports 
on  a  large  amount  of  work,  contributed  by  the  various  assist- 
ants who  were  engaged  on  the  survey  during  the  season  of 
1893.  It  also  contains  lists  of  additions  to  the  library  and  to 
the  museum. 

Respectfully  submitted, 
N.  H.  WINCHELL, 
State  Greologist  and  Curator  of  the  Greneral  Museum. 
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I. 

SUMMARY  STATEMEFr. 


An  effort  was  made  in  1893  to  fiDish  that  amount  of  field-work 
necessary  to  warrant  the  preparation  of  the  final  report  and 
maps  of  that  portion  of  the  state  remaining  unpublished.  Al- 
though there  are  still  many  unknown  elements  in  the  geology 
of  the  northern  part  of  the  state,  and  some  considerable  tracts, 
remote  from  routes  of  travel,  some  of  which  have  not  been 
"subdivided"  by  the  township  survey  of  the  United  States  gov- 
ernment, which  the  parties  of  the  geological  survey  have  not 
been  alile  to  visit  and  map,  yet  it  is  thought  best  to  close  up  the 
active  work  in  the  field  and  to  enter  upon  the  preparation  of 
the  last  volume  of  the  final  report  It  was  with  an  earnest  de- 
sire to  round  out  the  present  survey  with  what  might  be  called  a 
final  report,  showing  its  completed  results  in  systematic  rela- 
tions, withiu  the  reasonable  term  of  a  single  administration, 
that  the  writer,  four  years  ago,  volunteered  to  pledge  the  com- 
pletion of  the  field-work  for  the  sum  of  twenty-five  thousand 
dollars.  This  was  stated  to  the  appropriation  committees  of 
the  Legislature  of  1891.  Fifteen  thousand  dollars  were  appro- 
priated by  that  Legislature.  The  last  Legislature  (1893)  ap- 
propriated ten  thousand  dollars  under  similar  representations. 
Although  the  full  sum  of  twenty-five  thousand  dollars  has  not 
yet  been  expended  on  the  field-work,  yet  so  much  has  been  done 
that  nearly  all  the  remaining  plates,  which  will  represent  the 
geology  in  the  final  report,  can  be  drawn.  There  will  be  need 
yet  of  special  examination  in  some  difScult  and  some  important 
areas,  where  the  opportunities  of  the  past  have  not  been  favor- 
able to  entirely  and  satisfactorily  understand  the  geological 
structure.  Practically,  however,  the  campaign  of  1893  may  be 
said  to  have  finished  the  field-work.  The  rest  of  the  time  to  be 
devoted  to  this  work  by  the  writer  will  be  given,  as  now  con- 
templated, to  the  preparation  of  the  \Ast  final  volume,  with  the 
Qecessary  accompanying  maps. 
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During  tbe  last  season  parties  were  in  the  field  under  the  fol- 
lowing assistants: 

Prof.  J.  E.  Todd,  in  the  northwestern  portion  of  the  state, 
north  and  east  of  Red  lake. 

Prof.  G.  E.  Culver,  in  Itasca  county. 

Mr.  Warren  Upham,  in  Aitkin  and  Cass  counties. 

Mr.  J.  E.  Spurr,  on  the  Mesabi  range  and  southward  in  St. 
Louis  county. 

Mr.  A.  D.  Meeds,  on  the  Mesabi  range  and  southward  in  St. 
Louis  county. 

Mr.  A.  H.  Elftman,  on  the  Mesabi  range  and  southward  in 
Lake  county. 

Dr.  U.  S.  Grant,  on  the  Mesabi  range  and  southward  in  Cook 
county. 

Mr.  C.  P.  Berkey,  from  Grand  Marais  northward,  in  Cook 
county,  and  in  co-operation  with  Dr.  Grant. 

The  writer  also  was  in  the  field  in  different  places,  but  chiefly 
in  Cook  county.  Mr.  H.  B.  Ayres began  work  in  Carlton  county, 
but  was  interrupted  by  sickness  and  afterward  by  other  engage- 
ments, and  accomplished  but  little.  It  is  planned  that  he  will 
finish  his  allotment  of  work   in  Carlton  county  the   coming 


In  view  of  the  proposed  final  mapping  of  the  rest  of  the  state 
itwas  deemed  highly  desirable  to  obtainsuch  hypsometric  data 
as  would  warrant  the  approximate  drawing  of  contour  lines  in 
the  manner  shown  on  tbe  final  plates  already  published  in  vol- 
umes I  and  II.  Each  party  was  furnished  with  the  necessary 
instructions  and  apparatus  for  platting  these  lines  en  the  field 
maps  which  they  carried,  while  at  the  same  time  a  continuous 
hourly  reading  of  a  mersurial  barometer  was  recorded  ar 
'  'Mesaba*  station, "  by  means  of  which  the  simultaneous  aneroid 
readings  of  the  different  parties  could  be  corrected  and  reduced 
to  a  uniform  basis,  and  referred  to  the  sea  level.  In  this  way 
a  large  mass  of  data  was  obtained  which,  when  corrected  and 
platted,  will  result  in  contour  lines,  50  feet  separate,  over  a  large 
area  in  the  northern  part  of  the  state.  This  will  give  an  ex- 
pression of  a  preliminary  topographical  reconnaissance,  and 
will  serve  as  an  introduction  to  the  topographical  map  which  it 
is  hoped  may  yet  be  constructed.     At  the  same  time  it  is  an  in- 

*  Tbere  hiLvLoE  been  KreiLt  dlTcrslty  la  tbe  spelling  ot  Ibis  word.  Iba  maCMr  wa* 
brougbl  before  tbe  United  Stain  B^lard  nf  iltuoraphkJtl  Nameji.  of  wblcb  tbe  Superln- 
lenilentor  (heCoust  and  Gecnletic  Surver  is  president.  On  contlderatlonor  the  Tarl- 
nu'i  spellings,  uumberlBg  hIioui  bull  a  duzun.  U  wat  daclded  bf  tbe  Board  that  thu 
correc*ortbography  Is  Matabi. 
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dispeDsable  aid  in  the  understanding  of  the  geological  maps 
and  descriptions.  Simultaneously  with  this  system  of  hypso- 
metric readings,  a  line  of  levels  was'run  by  means  of  a  survey- 
or's level  by  Mr.  L.  A  Ogaard,  in  company  with  Mr.  Berkey, 
from  Grand  Marais  across  the  country  to  the  International 
boundary,  designed  tt>  cross  what  was  supposed  to  be  some  of 
the  highest  land  in  the  state.  Many  hills,  lakes  and  streams 
■were  thus  accurately  ascertained.  This  series  of  levels  was 
widened  out  to  the  right  or  left  whenever  opportunity  occurred 
so  as  to  include  important  adjoining  points.  The  highest  point 
found  was  at  the  summit  of  the  Misquah  hills,  2,230  feet  above 
tide,  in  the  N.  E,  part  of  sec.  35,  town.  64,  range  2  W.  The  re- 
gion about  is  made  up  of  the  well-known  "red-rock."  This 
range  of  hills,  in  its  extension  some  miles  further  east  and  west, 
has  nearly  as  great  altitude.  The  examinations  of  the  season 
have  also  demonstrated  that  the  actual  water-divide  from  this 
place  southwestward  to  Duluth  is  essentially  composed  of  the 
same  rock,  variously  mingled  with  the  gabbro  of  the  Mesabi 
range.  The  general  results  of  some  of  these  examinations  are 
given  in  the  accompanying  reports  of  the  assistants  mentioned. 
More  of  the  details  and  the  final  conclusions  will  be  set  forth 
in  the  final  report. 

While  the  accompanying  reports  give,  in  the  main,  the  gen- 
eral results  of  the  various  field  parties,  in  the  words  of  the  as- 
sistants themselves,  that  of  Mr.  Spurr,  who  was  occupied  on 
the  productive  portion  of  the  Mesabi  range,  in  the  vicinity  of 
Btwabik,  McKinley  and  Virginia,  and  who  has  supplemented 
his  field-work  by  a  careful  investigation  in  the  laboratory, 
reaching  highly  interesting  and  important  results  as  to  the  ori- 
gin of  the  ores  of  the  range,  has  been  published  as  a  separate  doc- 
ument (Bulletin  X).  The  21st  report  of  the  survey  has  also  been 
issued  and  distributed.  Volume  III.  of  the  final  report,  is  still 
in  press.  Only  a  part  of  the  paleontology  of  the  Lower  Silurian 
can  ba  included  in  the  volume.  The  gasteropods  and  cephalo- 
pods,  which  the  volume  had  been  intended  to  cover,  and  for 
which  preliminary  contracts  had  been  executed,  have  to  be 
omitted  These  chapters,  however,  will  be  published  at  some 
future  date,  as  now  planned,  and  probably  as  bulletins  of  the 
survey.  Of  the  volume,  however,  the  following  chapters  were 
issued  since  the  last  report: 
Chapt«r  VI.    The  E^twer  Silurian  Laiuelllbraachiata  of  Mtnoesota.    Hy 

E.  0.  Vlricli.    Pp.  475-628,  8  plates.    Published  June  16,  J891. 
Chapter  VH.     The  Lower  Silurian  Ostracoda  of  Minnesota.    By  £,  0. 

Virick.  Pp.  629-693,  4  plaies.    Published  July  24,  IS94. 

Other  papers  by  members  of  the  Minnesota  geological  corps. 
,,.,„,,... .,^iOO<^lc 
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have  been  published,  as  follows,  elsewhere.     These  have  a 
beariDg  on  the  geology  of  the  state  and  of  the  Northwest. 
Volcanic  Books  In  tbe  Eeewatlo  of  Mlonesota.     17.  S.  Grant.    Scieace, 

Tol.xxill,  p.  17,  Jan.  12,  1894. 
Hote  on  the  Keweenawan  rocks  of  Grand  Portage  Island,  north  coast  of 

Lake  Superior.      U.  S-  Orant.    American  Geologist,  vol.  xiii,  pp.  437- 

439,  June  1894. 
Epelrogenlc  Uovements  associated  with  Glac'ation.      Warren    Upham. 

American  Journal  of  Science,  III,  vol.  xlvl,  pp.  114-121,  Aug..  1893. 
Altitude  as  tbe  Cause  of  the  Glacial  Period.     Warren  Vpham.    Science, 

Aug.  II,  1693. 
Beltrami  Island  uf  Lake  Agassiz.     Warren  Upham.     American  Geologist, 

vol.  xl,  pp.  423-425,  June,  1893. 
Englaclal  Drift.     Warren  Upham.    American  Geologist,  vol.  xil,  pp.  36-43, 

July,  1893. 
Early  Man  iu  Minnesota.      Warren  Upham.    Am.  Geologist,  vol.  xlii,  pp. 

383,  364,  May,  1891. 
Causes  and  Ck)nditlons  of  Glaciatiou.      Warren  Upham,     Am.  Geologist, 

vol.  xlv,  pp.  12-20,  July,  1884. 
The  Niagara  Goi^e  as  a  Measure  of  the  Postglacial  period.     Warr&i  Up- 

havi.    Am.  Geologist,  vol.  xlv,  pp.  62^5,  July,  1894. 
The  Madison  Type  of  Drumllna.       Warren  Upham.     Am.  Geologist,  vol, 

xiv,  pp.  69-83,  with  pi.  iii,  Aug.,  1S94. 
Evidences  of  the  Derivation  of  the  Kamea,  Eskers,  and  Moraines  of  the 

North  American  Ice-sheet  chiefly  from  Its  Englacial  Drift.     Warren 

Upham.    Bulletin  of  the  Geological  Society  of  America,  vol.  v,  pp. 

71-86,  Jan.,' 1894. 
The  Succession  of  Pleistocene  Formations  In  the  Mississippi  and  Nelson 

river  basins.     Warren  Upham.    Bulletin  of  the  Geol.Soc.  of  America, 

vol.  v,  pp.  8T-100,  Jan..  1894. 
How  Old  Is  the  Earth  ?    Warren  Upham.    Popular  Science  Monthly,  vol. 

xliv,  pp.  153-183,  Dec,  1893. 
Increase  Allen  Lapham.    JV.  H.  Winckell.     American  Geologist,  vol.  xlli, 

pp.  1-38,  Jan.,  1894. 
Pebbles  of  Clay  in  Stratified  Gravel  and  Sand.     N.  H.  Winchell.    Glaclal- 

Ists'  Magazine,  vol.  I,  pp.  171-174,  March,  1894. 
Note  on  Cretaceous  In  northern  Minnesota.    H.  V.  Wineh^U.    American 

Geologist,  vol.  xti,  pp.  220-223,  Oct.,  1893. 
Additional  Facts  about  Nicollet.     U.  V.  Win<AelL    Am.  Geolt^iat,  vol, 

xiii,  pp.  126-128,  Feb.,  1894. 
A  Bit  of  Iron  Range  History.    H.  V.  Windiell.    Am.  Geologist,  vol.  xlil, 

pp.  164-170,  March,  1894. 
TbeDiscovery  of  Mineral  Deposits  in  the  Lake  Superior  region,     if.  V. 

WinAell.    Proc.  Lake  Superior  Mining  Inst.,  vol.  ii,  1894. 
False  Bedding  in  Stratified  Drift  Deposits.    J.  E.  Spurr.    Am.  Geologist, 

vol.  xlli,  pp.  43-47,  Jan,,  1894, 
Oscillation  and  Single  Current  Ripple-marks.    /.  E.  Spurr.    Am.  Geolo- 
gist, vol.  xiii,  pp.  201-206,  March.  1894. 
Tbe  Iron  Ores  of  the  Mesabi  Range.      /.  E.  Spurr.      Am,  Geoliglst,  vol. 

xill,  pp.  335-345,  pi.  vlii.  May,  1894, 
The  Stratlgraphlc  Position  of  the  Thomson  Slates.    J.  E.  Spurr.      Amer. 

Jour,  Scl.,  Ill,  vol,  xlvlli,  pp.  139-166,  Aug.,  1894. 


,Coo»^lc 


II. 


LIST  OF  ROCK  SAMPLES  COLLECTED  TO  ILLUS- 
TRATE THE  NOTES  OF  N.  H.  WINCHELL,  1893. 


1786.  Coarse  diabase,  from  a  braDching  conspiauous  dike, 
or  bleb,  wbicb  crosses,  in  part  at  least,  tbe  town  site  of  Ely. 
It  is  seen  OD  tbe  bigbest  portion  of  tbe  town,  cutting  the  boul- 
dery  graywacke,  near  the  Catholic  church. 

1787.  Amygdules,  or  pipe-like  tubes,  in  tbe  boulders  or 
bombs  of  tbe  agglomerate  at  Ely,  Qlled  with  silica  which  ap- 
pears to  be  " chalcedonic "  or  minutely  granular.  This  new 
feature  is  found  sparsely  in  the  rock  toward  the  southwest 
from  the  cut  at  the  railroad  already  described.  (Specimen  lost). 

1788.  The  diabasic  rock  mentioned  under  1786  appears  south-  ■ 
westward  from  the  railroad  cut,  toward  tbe  Lockhart  property 
(at  Ely),  and  where  it  abuts  against  a  bouldery  mass  of  the 
graywacke  or  agglomerate,  its  grain  and  substance  seem  to 
enter  tbe  bouldery  mass,  at  tbe  same  time  becoming  finer,  and 
to  surround  the  bombs,  forming  tbe  dark-green  scale  which 
envelops  them.  This  number,  1788,  is  a  sample  of  the  massive 
rock  which  enters,  apparently,  the  graywacke  and  surrounds 
tbe  boulder-like  masses. 

1789.  An  irregular,  irruptive,  .siliceous  rock,  a  kind  of 
quartz  porphyry,  appearing  in  tbe  midst  of  tbe  greenstone  on 
a  knob  about  three-fourths  mile  west  of  tbe  depot  at  Eiy. 

1790.  Finely  porphyritic  or  amygdaloidal  diabase,  like  1788, 
tbe  amygdules  (V)  filled  with  a  dark  green  mineral  (chlorite  ?), 
north  from  the  Chandler  mine,  at  Ely. 

1791.  In  the  conglomeritic  portions  of  this  greenstone,  par- 
ticularly in  the  matrix  surrounding  the  boulders,  is  coarse 
silica,  with  calcite  crystals,  mingled  in  which  are  also  isolated 
pieces  of  some  green  shale  or  scale,  seen  north  from  the  Chan- 
dler mine. 

1792.*  In  some  places  tbe  foregoing  minerals  (silica  and 
calcite)  become  abundant,  though  very  fine-grained,  forming 
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lenticolar  maaseB  of  siliceous  marble,  -which  stand  vertical. 
These  are  white,  and  from  two  to  four  inches  thick  and  three 
or  four  feet  long. 

1793.  Basal  conglomerate,  from  the  bottom  of  the  supposed 
preglacial  gouge,  at  Virginia.  This  is  of  ferruginous  pebbles, 
mingled  with  dust  and  dirt  of  the  .iron  bearing  rocks.  It  may 
be  of  Cretaceous  origin.  It  has  a  later  inflaltration  of  white 
silica  which  now  forms  its  principal  cementing  bond. 

1794.  Forms  of  taconyte,  showing  transition  from  rock  to 
ore.  Moose  mine  near  the  line  of  separation  from  the  Ohio, 
Virginia. 

1795.  Forms  of  the  ore.  Lone  Jack  mine,  Virginia. 

1796.  Dark,  diabasic  rock  which  blends  with  the  gabbro  as 
if  only  a  phase  of  the  gabbro,  at'Duluth. 

1797.  Gabbro  embracing  small  masses  of  augite-syenite,  at 
Duluth,  and  containing  as  a  result,  numerous  crystals  of  ortho- 
close  as  a  constituent  of  itself. 

179S.  Siliceous  pebbles  or  claystones  from  the  Keewatin 
schists  or  slates  about  a  mile  and  a  half  northeast  of  Otter 
Creek  station,  at  the  highway  north  of  the  St.  Paul  &  Duluth 
railroad. 

1799.  Pebbles  of  disintegration  from  the  gabbro  at  1013 
Michigan  St.  Duluth. 

1800.  Diabasic  structure  in  the  gabbro,  thin  plagioclase 
crystals  lying  parallel  over  large  areas  making  a  lath-sbaped 
marking  when  weathered;  same  place  as  the  last. 

1801.  Gneissic  structure  in  the  gabbro  {rather  a  dioryte), 
taken  at  the  point  where  the  grand  boulevard  (running  ap- 
proximately on  the  upper  beach)  crosses  a  small  creek  back 
from  Rice's  point. 

1802.  Gabbro  containing  dark-green  inclusions.  These 
small  dark-green  masses  are  rather  fine-grained  and  they  seem 
to  have  affected  the  gabbro  surrounding  them  by  disseminat- 
ing an  element  which,  entering  among  the  gabbro  elements, 
has  given  rise  to  a  red  weathering  feldspar  and  hornblende, 
along  with  some  epidote.  These  dark-green  spots,  with  the 
accompanying  discoloration  impart  a  noticeable  spottedness  to 
the  gabbro  mass  wherever  they  occur. 

1803.  A  fine-grained  rock  from  the  gabbro  near  the  dam 
of  the  little  creek  where  it  is  ponded  above  the  grand  boule- 
vard, at  Duluth. 

1804.  At  a  point  midway  between  the  dam  and  the  elevated 
station  of  the    elevated    railroad,  Duluth,    is  a  large  surface 
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exposure  of  some  old  metamorphic  rock,  some  of  it  being 
brownlsh-rud.  an^  Bome  of  it  gray.  It  is  below  the  crest  of 
the  gabbro  range,  and  on  the  southern  slope,  but  is  embraced 
within  the  general  gabbro  area.  The  red  areas  somewhat 
embrace  the  gray  or  blue.  This  number  represents  the  red 
rock. 

1805.  Is  the  fine-grained  evay  rock..  This  is  sometimes 
apparently  a  conglomerate,  holdmg  boulders  of-  quartz  and  of 
granite,  but  in  general  it  is  a  uniform  rock.  In  some  cases  the 
red  rock  shades  into  the  blue,  even  on  the  surface. 

1806.  Both  of  the  above  sometimes  are  amygdaloidal — at 
least  are  flecked  with  rounded  dark-green  spots  about  which 
are  reddened  areas  resembling  the  inclusions  in  the  gabbro. 
{1802). 

1807.  Samples  from  the  sedimentary  patches  embraced  in 
the  amygdaloidal  parts  at  Ck>w  Tongue  point,  north  shore  of 
lake  Superior. 

1808.  Pebbles  from  the  hard  fine  grained,  gray  sedimenta- 
ries,  got  on  the  beach  one  mile  west  of  Brul6  river.  They  vary 
from  blue  to  reddish,  and  one  is  white. 

1809.  Red  rock  pebble,  from  the  same  beach.  These  are 
usually  amygdaloidal,  and  sometimes  also  porphyritic. 

1810.  Green  doleritic  trap  pebbles  from  the  same  beach. 
These  are  very  rare,  although  the  rock  outcropping  on  the 
shore,  at  all  the  points,  consists  of  such  trap. 

1811.  From  the  vertical  cliff  forming  the  west  shore  of 
Sickle  bay — a  rather  fine-grained  gabbro. 

1812.  Showing  contact  of  this  gabbro  with  a  very  fine- 
grained black  rock,  from  a  pebble  on  the  beach. 

1813.  Poikilitic  gabbro,  from  the  west  side  of  Double  bay. 
at  the  point.  The  pyroxene  shows  its  own  sheen  in  the  sun- 
light over  large  crystal  surfaces. 

1814.  Gabbro  from  the  hill  range  at  Double  bay,  at  the  west 
end  of  the  near  hills, 

1814A.    White-weathering  lumps  and  patches  in  1814. 

1815.  In  descending  the  hill  again  we  encountered  a  slightly 
different  phase,  being  very  coarse  with  dark  crystals  of  pyrox- 
ene and  light-weathering  large  crystals  of  same  plagioclase. 

1816.  Coarsely  rough  gabbro,  at  one  mile  east  of  Cannon 
Ball  bay. 

1817.  Coarse  gabbro,  with  poikilitic  crystals  of  pyroxene, 
at  a  point  two  miles  west  of  the  west  side  of  Red  Rock  bay. 
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1818.  From  the  soathem  (basaltic)  dike  of  the  two  trap 
dikes  cutting  the  "red  rock"  on  the  eastern  side  of  Ked  Rock 
bay. 

1819.  From  the  northerD  (iion-basaltic)  of  the  two  dikes  cut- 
ting the  "red  rock,"  at  the  same  place,  two  feet  from  the  con- 
tact with  the  other. 

1820.  Of  the  northern  dike  at  the  contact  with  the  southern. 
These  dikes  are  nearly  parallel  (east  and  west),  but  interfere 
with  each  other,  the  northern  dike  being  the  later. 

1821.  From  a  branching  dike  of  diabase,  or  "black  trap," 
at  the  extremity  of  Red  Rock  point.  It  has  a  pitted  surface, 
from  the  decay  and  removal  of  some  soft  mineral. 

1822.  Quartz  porphyry.  Red  Rock  point. 

1823.  Sample  from  low  rocky  knob  rising  but  Jittle  above 
the  water,  near  the  shore,  within  the  bay  next  east  of  Red 
Rock  point,  but  near  Red  Rock  point,  apparently  underlying 

'  all  the  quartz  porphyry. 

1824.  A  curious,  shaly-looking  rock  within  the  bay  next  east 
from  Red  Rock  point,  cut  by  conspicuous  dikes  that  appear  to 
be  of  the  same  age  as  those  that  cut  the  quartz  porphyry. 

1825.  The  same,  having  a  spotted  appearance. 

1826.  Amygdaloidal  phases  of  1824. 
1826A.    Agates  from  1826. 

1827.  A  met^morphic  quartzyte,  evidently  some  of  the 
Wauswaugoning  quartzyte,  from  the  southern  face  of  Mt.  Jose- 
phine, about  500  feet  above  the  lake. 

1828.  Basic  irruptive  rock  concerned  in  the  metamorphism 
of  1827. 

1829.  Average  rock  of  the  top  of  Mt.  Josephine. 

1830.  "Red  rock,"  kind  of  quartz  porphyry,  from  a  hill 
northwestward  from  Mt.  Josephine,  where  it  forms  an  irreg- 
ular patch  elongated  about  east  and  west,  visible  on  the  south  - 
ern  slope  of  the  gabbro  range. 

1831.  Conglomerate,  from  the  east  side  of  Grand  Portage 
island. 

1832.  Darker  and  finer-grained  sandstone(?),  same  place. 

1833.  From  the  very  top  of  1832,  where  it  is  in  contact  with 
an  overlying  trap  sill. 

1834.  A  peculiar,  nearly  black,  amygdaloidal  rock  found  on 
the  very  top  of  the  island  and  extendipg  westward  gradually- 
descending  to  the  water  level. 

1834A.    A  lot  of  balls  from  1834. 
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1834B.  Series  of  red  pebbles,  from  the  beach  of  Grand  Port- 
age island. 

1834C.  Fine  red  granite,  porphyritic  with  quartz,  from  a 
hill  rising  about  600  feet  above  the  lake,  about  a  mile  and  a 
half  from  Grand  Portage,  on  the  west  of  the  Grand  Portage 
trail.  It  is  on  one  of  the  highest  cliffs  on  the  southern  side  of 
the  hill,  but  forms  only  a  small  part  of  the  hill,  which  consists 
rather  of  the  gabbro  of  the  region,  being  a  part  of  the  great 
dike  range  of  which  Mt.  Josephine  is  a  spur. 

1835.  Same  contorted  slate,  from  the  low  hill  of  slate,  cut  by 
numerous  dikes,  which  rises  near  the  lake  at  Grand  Portage. 

1836.  A  possible  organic  impression,  from  the  slates  of  1835. 

1837.  Upper  portion  of  the  Wauswaugoning  quartzyte.  It  is 
gray,  somewhat  colored  like  the  slates,  spotted  with  light  red. 
pink,  or  even  green;  from  the  foot  of  Mt.  Josephine  at  the 
head  of  Wauswaugoning  bay. 

1838.  The  same,  sub-crystalline,  fine-grained. 

1839.  The  same,  having  the  form  of  quartz  porphyry,  ap- 
pearing in  patches  in  1838,  and  also  largely. 

1840.  The  same,  spotted  with  red  and  green. 

1841.  Plumbaginous  quartzyte,  from  the  old  graphite  mine 
on  Pigeon  point. 

1841A.  Spotted  gray  quartzyte,  from  the  beach  near  the 
head  of  Morrison  bay. 

1842.  Atone-halfmilewestof  LittlePortagebay  (i.  e.,  where 
Pigeon  point  is  norrowest),  the  axis  of  Pigeon  Point  peninsula 
is  composed  of  a  dark -greenish  but  spotted  modified  quartzyte, 
the  spots  being  coincident  with  or  caused  by  poikilitic  crystals 
of  some  rock-making  mineral,  apparently  some  feldspar. 

1843.  Gabbro,  extremity  of  Pigeon  point. 

1844.  Red  rock,  near  the  extremity  of  Pigeon  point. 

1845.  Modified  Wauswaugoning  quartzyte,  from  the  knob 
rising  near  the  south  shore  of  Pigeon  point  a  little  west  of  Lit- 
tle Portage  bay — a  quartz  keratophyre,  according  to  Bayley. 
This  knob  consists  of  various  conditions  of  this  quartzyte, 

1846.  Possible  organic  impressions  in  a  limestone,  septaria- 
like  mass,  weatliered  from  the  slates  on  the  south  side  of  the 
tongue  which  divides  Pigeon  bay  into  north  and  south  arms, 

1847.  An  amygdaloid  with  green  fillings,  at  the  eastern  end 
of  the  outer  and  eastern  of  the  Liucille  islands. 

1848.  Massive  pyroxenic  rock,  apparently  in  form  of  a  dike, 
cutting  1847,  same  place. 
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1849.  Porphyritic  gabbro  ranning  diagonally,  like  a  dike, 
across  the  same  island. 

1850.  Red  rock  attached  to  1849. 

1851.  Ore,  from  the  Susie  Island  shaft,  Pigeon  Point  Silver 
and  Copper  Mining  company,  an  ill-starred  enterprise  inspired 
by  the  late  T.  M.  Newson. 

1862.  Quarlzyte  and  black  slate,  showing  contact  of  sedi- 
mentary sequence  in  the  shaft.  It  is  apparent  that  while  the 
shaft  started  in  hardened  slate  at  the  surface,  the  excavation 
struck  red  quartzyte  and  finally  red  granite. 

1853.  Red  granite  from  the  bottom  of  the  shaft. 

1854.  Black  slate,  at  the  Susie  Island  works,  becoming 
crystalline  with  orthoclase  and  turning  red  on  weathering. 

1855.  Sample  of  dike  forming  a  little  point  about  one  mile 
west  of  the  west  point  of  Grand  Portage  bay. 

1856.  Amygdaloid  cut  by  this  dike. 

1857.  Amygdaloid,  center  of  sec,  20,  first  point  west  of  the 
last. 

1858.  Supposed  sedimentary  material  containing  laumontite, 
from  the  western  side  of  Cow  Tongue  point 

]  859.  Red  rock,  not  quartz  porphyry,  from  the  west  side  of 
Cow  Tongue  point. 

1860.  Quartz  porphyry  of  the  red  rock  series,  on  the  S. 
town  line  of  62-1  E..  where  the  new  road  from  Grand  Marais 
crosses  it.  This  is  also  amygdaloidal,  which  is  a  new  point  in 
the  petrology  of  this  series. 

1861.  Coarse  poikilitic  gabbro,  from  the  hills  next  north  of 
the  Brul^  lakes,  on  the  Iron  trail. 

1862.  Finely  granitic  red  rock,  on  the  portage  south  from 
Misquah  lake. 

1863.  Dark  gray,  or  reddish -weathering  fine-grained  rock 
holding  porphyritic  crystals  of  feldspar,  from  the  north  side 
of  Brulg  lake  at  the  portage  north  to  Lost  lake. 

1864.  Porphyritic  orthoclase  gabbro.  S.  W.  i  sec.  13,  T. 
63-3  W.,  south  shore  of  Brui^  lake. 

1865.  A  dark  gray,  rather  fine-grained  rock  which  is  sup- 
posed to  be  derived  from  the  porphyry  series.  S.  W.  ^  sec.  14, 
T.  63-  3  W,  south  shore  of  Brul6  lake. 

1806.     Red  rock  porphyry.   Probably  S.  E.  i  sec.  1 5,  63-3,  W. 

1867.  Orthoclase  gabbro,  S.  E.  i,  S.  W.  i,  sec,  24,  T. 
63-3  W. 

1868.  Red  rock  forming  the  hill  in  W.  i,  N.  E.  i,  sec.  25. 
T,  63-3  W. 
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1869.  Fine  grained  orthoclase  gabbro,  south  side  of  the 
island  inN.  E.  J,  S.  W.  i,  sec.  24,  63-3  W. 

1870.  Peculiar  gabbro,  east  end  of  the  island,  S.  W.  i,  N. 
E.  i,  N.  E.  i.sec.  l5,  63-3  W. 

1871.  Pine  grained  gray  rock,  with  spots  resembling 
amygdules.  No  structure  oiade  out  in  this  rock;  eastern  point 
of  the  large  island,  N.  E.  i,  S.  W.  J,  sec.  18.  T.  62-2  W. 

1872.  A  phase  of  the  same.  These  two  specimens  well 
represent  thej-ock  of  this  point. 

1873.  Red  rock,  fine  grained  and  dark  colored,  N.  E.  i,  S. 
E.  1.  sec.  18,  T.  63-2  W.  This  is  the  eastern  end  of  a  range  of 
red  rock  hills  that  lies  on  the  south  of  BruL^  lake  in  this  ,V 
section  and  S.  i,  N.  W.  i,  sec.  17. 

1874.  Dark  porphyry,  intermediate  between  the  gabbro 
and  the  reddisb  porphyry  (1863)  seen  about  BvmU  lake.  South 
side  of  a  small  lake  in  the  N.  E.  h  N.  E.  {,  sec.  17,  T.  63-2  W. 
The  same  is  seen  along  the  south  shore  i  mile  further  east. 

1876.  Dark,  compact,  fine  grained  rock,  with  a  tendency  to 
a  reddish  color.  Kmall  dark  areas  of  crystalline  material, 
surrounded  by  a  vein  of  rod  which  grades  into  the  rest  of  the 
rock,  are  common,  N.  E.  J.  N.  E,  J,  sec.  20,  63-3  W. 

1877.'  Quartz  porphyry,  with  black  groundmass,  in  which 
are  small,  quartzes  and  feldspars,  the  latter  redish  to  fiesh- 
color,  and  frequently  having  the  outer  part  redder  than  the 
interior,  N.  E.  i,  N.  W.  J.  sec.  20,  T.  63-3  W. 

1876.  Quartz  prophyry  with  dull  red  groundmass.  small 
quartzes  and  red  feldspars,  which  latter  are  not  usually  very 
distinct,  as  they  are  of  about  the  same  color  as  the  ground 
mass,  N.  W.  i,  N.  W.  J,  sec.  20,  T.  63-3  W. 

1879.  "Black  rock,"  so-called,  on  a  small  island  in  the  N. 
W.  i,  S.  E.  J,  sec.  18,  T.  63-3  W. 

1880.  Spotted  phase  of  the  same,  at  the  western  outlet  of 
Brul6  lake,  N.  E.  J,  S.  W.  i.  sec  18,  63-3  W. 

1881.  Bather  fine  grained  "pepper-and-salt"  rock,  in  a  low 
ridge  crossing  the  trail  from  Brul^  lake,  S.  W.  i,  N.  W.  J,  sec. 
18,  T.  63-3  W.,  apparently  in  form  of  a  dike. 

1882.  Fine  grained  red  rock,  from  the  precipitous  cliff  on 
the  eastern  side  of  the  hill  rising  at  the  S.  W.  corner  of  sec. 
8,  T.  63-3  W. 

1883.  Hard  "black  rock,"  N.  E.  i,  N.  E.  i,  sec.  17,  63-3  W. 

1884.  Red  "black  rock,"  N.  W,  i,  N.  E.  i.  sec.  16,  63-3  W. 

1885.  Amygdaloid- like  porphyry,  from  a  reef-like  island 
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just  off  the  eastern  most  point  in  S.  E.  i.  S.  W.  i.  sec.  10,  63-3 
W.    The  amyj^daloidal  spots  are  sometimes  i  inch  in  diameter. 

1886.  Black  rock  from  the  hills  in  the  1>[.  part  of  sec.  18,  T. 
63-3  W.  at  the  west  end  of  BruU  lake. 

1887.  A  slaty  fragment  from  the  "black  rock"  forming  a 
part  of  one  of  the  hills  in  N.  E.  i  sec.  18,  63-3  W. 

1888.  Black  rock,  apparently  with  fine  quartz  grains.  Same 
place  as  the  last. 

1889.  Pseud- amygdaloid  in  the  black  rock,  «t  the  Temper- 
ance river  outlet  of  Brul^  lake. 

1890.  Apparently  a  coarse  diabase,  or  a  fine  gabbro,  possi- 
bly a  derivative  of  the  black  series,  cut  by  veins  of  red  granite. 
Same  place. 

1891.  Graphic  granite,  from  veins  and  patches  in  the  gabbro 
cut  on  the  spur  of  the  railroad  near  Paulson's  camp. 

1892.  From  an  eighteen  inch  dike  cutting  the  gabbro,  seen 
on  the  railroad  about  a  mile  east  of  Paulson's  camp. 

1893.  Fair  sample  of  the  iron  ore  at  Paulson's,  sec.  28,  65-4'W. 

1894.  Pyrite,  thought  to  contain  nickel.     Paulson's. 

1895.  An  unknown  mineral  connected  with  the  pyrite,  from 
the  quartzyte  at  Paulson's.    This  mineral  is  cinnamon  colored. 

1896.  Average  sample  of  an  isolated  ridge  of  Animikie 
saparated  by  a  range  of  greenstone  from  the  main  bhiss  of  the 
Animikie,  lying  in  S.  W.  i  sec.  21,  65-4  W,,  near  Paulson's 
camp. 

1897.  Some  of  the  finest  portion  of  a  singular  slate-and- 
quartzyte  breccia  occurring  in  a  low  ridge  by  the  railroad 
(south  side),  at  the  peat  swamp  crossing,  about  1  mile  west  of 
the  narrows  of  Gunfiint  lake. 

1898.  Prom  the  center  of  the  conspicuous  vertical  dike  which 
cuts  the  trap  hill  at  the  west  side  of  the'  outlet  of  South  Fowl 
lake. 

1899.  Prom  the  same  dike  from  its  contact  with  the  trap 
forming  the  hill. 

1900.  Pair  sample  of  the  gray  trap  of  the  hill,  remote  from 
the  dike. 

1901.  The  trap  near  the  dike,  apparently  changed  to  a 
greater  denseness  through  the  action  of  the  dike. 

1902.  Pine  quartzose  conglomerate,  overlying  the  next,  dip- 
ping southward,  toward  the  hill-range,  from  aljout  the  center 
of  the  N.  W.  i  of  sec.  25,  64-4  E.,  southward  from  South  Fowl 
lake. 
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1903.  Lower  portioa  of  the  conglomerate  represented  by 
1902,  These  are  each  visibly  about  18  feet  thick,  and  grade 
into  each  other.  The  upper  mass  resembles  the  finer  portions 
of  the  gritstone  seen  at  the  east  end  of  Grand  Portage  island, 
and  the  lower  one  is  like  the  coarse  quartz  pebbly  conglome- 
rate seen  near  Pond  du  Lac  in  the  valley  of  the  St.  Louis  river. 

1904.  Prooi  the  bottom  of  the  perpendicular  esoarpment 
forming  the  top  of  the  same  hill.  .The  hill  rises  about  350  feet 
above  the  country  immediately  north.  This  represents  the 
top  of  the  gritstone,  and  is  similar  to  190^3.  The  gritstone  has 
a  thickness  of  about  126  feet,  although  it  cannot  all  be  seen 
exposed. 

1905.  Prom  the  top  of  the  same  bill,  a  nondescript  rock 
resembling  some  Keewatin. 

1906.  A  fine-grained  member  of  the  gritstone,  from  an  ex- 
posure further  east 

1907.  Slate,  south  of  the  Millie  mine.  Iron  MountaiD,  Mifch. 

1908.  Limestone,  "the  Umestoae,"  same  place. 

1909.  "Potsdam  sandstone,"  unconformable  over  the  lime- 
stone, same  place. 

1910.  Typical  jaspilyte  of  the  Chapin  mine  region. 

1911.  Ore  of  the  Chapin  mine  region,  with  "carbonate" 
interlwdded. 

1812.     Rhodochrosite  (?),  Chapin  mine  ore  dump. 

1913.  The  conglomerate  supposed  to  lie  between  the  Millie 
and  the  Chapin,  from  the  Quinnesec  ore  dump,  from  an  old  pit. 

1914.  Same  of  the  schistose  and  calcareous  portions  of  the 
greenstone,  on  the  Wisconsin  side,  Lower  Quinnesec  falls, 
Menominee  river, 

1915.  Some  of  the  massive,  ditto. 

1916.  Green  schist,  with  quartz  and  carbonate  of  lime. 

1917.  Finely  laminated,  apparently  sedimentary  structure, 
in  the  green  schists  on  the  Michigan  side,  Lower  Quinnesec 
falls. 

1918.  Coarsely  crystalline,  apparently  gabbrolike  rock 
thrown  out  in  the  excavation  for  the  channel  for  running  logs, 
Lower  Quinnesec  falls. 

1919.  •'Actinolite-magnetite  schist"  and  hematite,  from  the 
"lower  Huronian."  at  a  point  in  the  first  hill  just  south  of  the 
Republic  mine,  Michigan,     Htructure  dips  N.  about  75  deg. 

1920.  Quartzyte,  supposed  to  belong  below  the  last,  a  little 
further  south.  The  visible  stratification  here  dips  N.  aiwut 
50  deg. 
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1921.  Piae  quartaoae  mica  schist,  in  a  narrow  band  visible 
about  18  feet,  running  in  the  granite,  a  little  further  south. 

1922.  Fine  mica  schist  holding  quartz  pebbles,  at  the  base, 
as  supposed,  of  the  "lower  Huronian,"  lying  on  a  granite 
which  appears  to  be  irruptive.  and  from  which  it  is  supposed 
to  have  dorived  boulder  masses,  about  half  a  mile  further 
south. 

1923.  Br«ccia  of  jaspilyte,  cemented  by  dark  jaspilyte,  and 
by  iron.  Republic  mine. 

1924.  Quartzyte,  from  the  Republic  ridge,  at  the  point 
where  the  evident  discordance  occurs. 

1925.  Prom  the  same  quartzyte,  becoming  sericitic,  from 
an  old  mining  location  on  the  opposite  side  of  the  lake. 

1926.  Garnetiferous  mica  schist,  from  the  same  side  of  the 
lake  but  further  west,  a  surface  exposure  thought  to  be  from 
the  top  of  the  "upper  Huronian." 

1927.  A  much  changed  large  dike  of  basic  rock,  running 
parallel  with  the  strata  in  the  "upper  Huronian"  at  the  rail- 
road cut,  west  side  of  the  lake. 

1928.  Conglomerate  containing  copper,  Calumet  and  Hecla 
mine. 

1929.  A  boulder-like  mass,  containing  a  large  amount  of 
copper,  apparently  a  boulder  of  amygdaloid  or  other  porous 
rock  which  has  received  copper  into  its  interstices,  same  place. 

1930.  "Shot  copper."  originally  an  amygdaloidal  fragment 
of  some  eruptive  rock  embraced  in  the  general  conglomerate, 
has  been  permeated  by  metallic  copper  from  solution,  same 
place. 

1931.  String  copper,  with  a  little  silver,  from  which  the 
associated  boulders  have  been  separated. 

1932.  Calcite  crystals,  containing  interleaved  copper;  sama 
place. 

1933.  "Half  breed",  i.  e.  mass  of  metalic  copper  containing 
some  silver,  found  under  the  stamps.     Calumet  and  Hecla. 

1934.  "Baby  ingot"  of  metallic  copper.  Calumet  and  Hecla. 

1935.  Sandstone  having  a  matrix  of  metallic  copper.  Calu- 
met and  Hecla. 

1936.  "Melaphyr"  trap,  taken  from  the  Tamarac  shaft,  near 
the  Calumet  and  Hecla  mine,  the  most  abundant  rock  passed 
through  in  the  3,000  ft    New  shaft. 

1937.  Variation  of  this  trap  rock,  with  some  epidote. 

1938.  Carbonate,  supposed  to  be  that  from  which  the  iron 
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ore  of  the  Palms  mine  (near  Ironwood,  Mich.),  and  of  the  Gro- 
gebic  range  in  general,  is  derived.     From  near  the  Palms  mltie. 

1939.  Tufftceous  material,  in  the  "upper  Huronian",  inter- 
bedded  with  the  ironbeariiig  rocks.  From  the  dump  at  the 
Palms  mine. 

1940.  The  siliceous  slate  south  ot  the  Aurora  mine,  involved 
in  the  granite,  whether  by  irruptive  contact  or  by  sedimentary 
non-conformity,  is  a  point  of  difference. 

1941.  The  granite  here  contacting. 

1942.  Some  of  the  poikilitic,  most  coarsely  crystalline  por- 
tion of  the  gabbro  at  the  first  railroad  cut  (most  westerly)  near 
Short  Line  park,  on  the  St.  Paul  &  Duluth  R.  R.  From  the 
east  end  of  the  ciit.  Much  of  this  rock  at  the  first  cut  is 
smygdaloidal,  especially  toward  the  western  end  of  the  cut, 
and  on  the  western  face  of  the  hill,  and  most  of  it  is  rather  a 
green  trap  or  diabase,  when  not  amygdaloidal. 

1943.  Very  finegrained,  dense,  olivinitic  gabbro,  weathers 
greenish.  Prom  the  second  cut  east  of  Short  Line  park,  (on 
the  E.  lin«  of  S.  E.  i  sec.  33). 

1944.  The  usual  black  irony  belt  in  the  gabbro  hill  at  the 
same  place,  visible  on  the  west  face  of  the  hill. 

1945.  Coarsa  olivinitic,  masnetited  gabbro.    Same  place. 

1946.  Underlying  coarse  gabbro,  same  place. 

1947.  Prom  veins,  or  seams,  in  1946.  same  place. 

1948.  Highly  blackened  gabbro,  from  another  cut  further 
east,  probably  in  the  east  side  of  sec.  34.  This  is  rattier  fine 
grained  but  not  observably  magnetic.  It  constitutes  but  a 
small  part  of  the  prevailing  rock. 

1949.  From  a  detached  amygdaloidal  mass  between  the 
depot  and  the  river  at  Cloquet. 

1950.  Average  type  of  the  gabbro  of  the  first  (westerly;  bill 
range,  in  sec.  S3,  near  Short  Line  park. 

1951.  Three  samples  showing  the  average  amygdaloidal 
structure  in  the  same  hill. 

1952.  One  of  the  narrovr  amygdaloidal  dikes  cutting  this 
hill,  with  contact  on  the  gabbro.  same  place. 

1953.  From  a  large  dike  running  N.  15  deg.  E.,  same  place. 

1954.  Massive  homogeneous,  irruptive  rock  mingled  with 
the  bombs  and  graywacke  in  the  "greenstone  formation"  near 
(but  north  from)  the  depot  at  Ely.     (Specimen  lost ) 

1955.  Concretionary,  rounded  small  masses,  resembling 
those  figured  on  p.  318  of  the  16th  annual  report,  from  the 
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ambiguous  greenstone  at  Ely,  near  the  Catholic  church.    (Spec- 
imen lost.) 

1956.  A  breccia  embracing  some  green  fragments  of  the 
schist. 

1957.  Sub-crystalline  porodyte,  or  feldspathic  quartzyte, 
north  side  of  Ely  island,  Vermilion  laka  With  the  exception 
of  a  little  argillyte  at  the  west  end  of  this  island  the  whole 
north  shore  consists  of  rock  of  this  kind. 

1951  Apparently  burnt  jaspiiyte,  from  the  mainland  south- 
east from  Ely  island.  This  appears  as  a  black,  slaty  argillitic 
jaspiiyte,  in  the  midst  of  porodyte,  and  runs  at  least  one-fourth 
mile,  with  the  usual  strike,  standing  nearly  vertical,  or  dipping 
85-90  deg.  toward  the  north. 

1959.  Three  pieces  showing  the  south  contact  of  this  on  the 
porodyte.  No  effect,  so  far  as  can  be  seen,  is  produced  on 
either;  but  the  porodyte  simply  becomes  some  finer  and  green- 
er. We  subsequently  noted  the  same  contact  on  the  north  side 
of  a  jaspiiyte  belt,  with  the  same  result 

1960.  Some  squeezed  masses  of-  jaspiiyte  showing  the 
changed  forms  of  pebbles  of  different  colors.  North  side  of 
the  north  ridge,  at  Soudan. 

1961.  Apparently  pebbles,  pressed,  enclosed  in  hematitic 
jaspiiyte,  out  on  close  examination  they  appear  to  be  remnants 
of  reddish  jaspiiyte  replaced  otherwise  by  hematite. 

1962.  A  form  of  the  greenstone  which  appears  on  the  north 
lilope  of  the  "north  ridge."  It  has  an  approach  toward 
argillyte. 

1963.  A  black  slaty  jaspiiyte  is  seen  near  the  Umonite  local- 
ity, where  a  large  amount  mi  limonite  was  taken  out  by  the 
Minnesota  Iron  company  but  not  shipped,  north  from  Soudan. 
Is  it  carbonaceous  ? 

1964.  Another  coarse,  siliceous  grit,  or  quartzose  gray- 
wacke,  weathering  light- colored,  embraced  in  the  argillytes, 
and  interbedded  with  them,  yet  owing  to  upheaval  and  fracture 
now  forming  all  manner  of  contact  with  them,  from  the  west 
side  of  a  point  within  the  bay  about  a  mile  and  a  half  west 
of  Stuntz  island,  south  shore  of  Vermilion  lake. 

1965.  Similar  to  the  last,  but  also  resembling  much  of  the 
rock  on  Stuntz  island,  from  the  same  point,  but  a  little  nearer 
the  extremity  of  the  point, 

1966.  A  typical  homogeneous  specimen  of  the  "black rock," 
so  called,  at  the  crossing  of  Lake  street  and  Piedmont  avenue, 
Duluth, 
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1967.  A  sample  of  the  conglomerate- appearing  portion  of 
the  same  black  rock  near  the  same  place. 

1968.  Red  rock,  associated  with  this  black  rock  near  the 
creek  crossed  by  Piedmont  avenue  a  short  distance  further 
west. 

[Note.  The  descriptive  observations  and  diagrams  accom- 
panying these  specimens,  as  made  in  the  field,  are  reserved  for 
use  in  the  final  report.] 
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ABBAS  EXAMINED. 

From  June  6th  to  November  '2d,  the  writer  was  engaged  in 
field  work  in  the  north  centi^l  and  northeastern  portions  of 
Minnesota,  excepting  absence  during  the  second  half  of  Au- 
gust in  attendance  at  the  sessions  of  the  Geological  Society  of 
America  and  the  American  Association  for  the  Advancement 
of  Science,  in  Madison,  Wis.,  and  of  the  World's  Congress  on 
Geology,  auxiliary  with  the  Columbian  Exposition,  Chicago. 
The  areas  specially  assigned  to  me  for  examination  and  report 
comprise  (1)  Aitkin  county;  (2)  Cass  county  (excepting  the 
small  part  north  of  Hubbard  county,  assigned  to  Prof.  J.  E. 
Todd);  and  (3)  the  large  tract  of  Crow  Wing  county  lying 
northwest  of  the  Mississippi  river  (which  at  the  time  of  the 
writing  of  chapter  xxii  in  volume  n  of  the  Final  Beport  of  this 
Survey,  treating  of  Crow  Wing  and  Morrison  counties,  was  in- 
cluded in  Cass  county,  being  transferred  thence  to  Crow  Wing 
by  the  state  legislature  in  1887). 

After  the  examination  of  these  areas,  which  occupied  the 
summer  months,  my  work  during  September  and  October  con- 
sisted of  observations  of  the  glacial  and  modified  drift  in  the 
vicinity  of  Moose  Lake,  Barnum,  Carlton,  and  Duluth;  south- 
westward  from  Duluth  and  West  Superior  to  Holyoke,  on  the 
Eastern  branch  of  the  Great  Northern  railway;  northwestward 
along  the  Duluth  and  Winnipeg  railroad  from  Duluth  to  Grand 
Rapids;  along  the  Duluth  and  Iron  Range  railroad  for  the  en- 
tire extent  of  its  main  line  from  Duluth  to  Two  Harbors,  Tower, 
and  Ely,  and  on  its  Western  Mesabi  branch  from  Allen  Junc- 
tion to  Biwabik;  and  along  Vermilion  lake,  from  Tower  to  its 
outlet  and  western  end, 

MAPPING  ACCOMPLISHED. 
Having  the  township  plats  of  the  government  surveys  as  the 
basis  for  topographic  (or  hypsometric)  and  geologic  mapping, 
the  delineations  to  be  added  were  (1)  lines  of  contour,  showing 
the  form  of  the  land  surface  in  undulating  or  rolling  tracts, 
hills,  valleys,  and  plains,  with  the  altitudes  of  all  portions 
above  the  level  of  the  ocean;  and  (2)  the  location  of  rock  out- 
crops, and  the  extent  and  boundaries  of  the  diverse  drift 
deposits. 

I.    TOPOGBAPHT. 

For  the  reference  of  the  contour  lines  to  the  sea  level,  the 
bights  determined  by  the  surveys  for  the  railroads  of  this  part 
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of  the  state,  all  of  ■which  north  of  Duluth  and  the  Northern 
Pacific  railroad  have  been  recently  constructed,  were  obtained 
by  copying  from  the  profiles  of  these  surveys.  Every  facility 
for  this  was  courteously  granted  by  the  officers  and  engineers 
of  the  several  railroad  companies,  namely,  the  Dulutb  &  Win- 
nipeg, the  Duluth,  Missabe  &  Northern,  and  the  Duluth  &  Iron 
Range;  and  likewise  of  the  shorter  railroads  used  chiefly  or 
wholly  for  lumbering  purposes,  najnely,  the  Brainerd  &  North- 
ern Minnesota  railway,  the  Mississippi  &  Northern  railroad 
(running  northward  from  Cross  lake.  Crow  Wing  county),  and 
the  Duluth,  Mississippi  Eiver  &  Northern  railroad  (running 
northward  from  Hiawatha,  at  the  mouth  of  the  Swan  river). 
Previously  I  had  similarly  obtained  and  published  the  altitudes 
determined  by  the  Northern  Pacific  railroad;  the  St.  Paul  & 
Duluth  railroad;  the  Eastern  railway  of  Minnesota  (operated 
by  the  Great  Northern  railway  company);  and  bights  of  the 
Mississippi  and  St.  Louis  rivers,  and  of  lakes  about  their 
sources,  as  shown  by  these  various  railroad  lines  and  by  sur- 
veys of  U.  S.  Engineers  for  the  purpose  of  constructing  reser- 
voirs on  the  upper  Mississippi. and  its  tributaries.* 

Using  these  altitudes,  exactly  ascertained  by  levelling,  as 
data  for  reference,  careful  observation  and  barometric  readings 
have  sufficed  for  the  drafting  of  the  lines  of  contour,  50  feet 
apart  vertically,  upon  the  areas  here  reported.  Mainly  the 
surface  is  nearly  level  or  only  moderately  undulating,  but  in 
certain  belts  it  rises  prominently  in  hills  50  to  200  feet  or  more 
in  hight,  consisting  of  marginal  morainic  drift  accumulations 
which  mark  the  boundaries  of  the  ice-sheet  at  stages  of  pause 
or  slight  re-advauce  interrupting  its  general  retreat  at  the 
close  of  the  Glacial  period.  The  valleys  of  the  rivers  are  sel- 
dom very  deeply  eroded  below  the  general  level,  their  depths 
ranging  from  10  or  20  feet  to  100  feet  or  rarely  more.  Simi- 
larly shallow  or  sometimes  deep  depressions  in  the  general 
sheet  of  drift  hold  the  numerous  or  often  very  abundant  lakes, 
which  lie  commonly  10  to  40  feet  below  the  surrounding  coun- 
try, and  have  depths  of  10  to  50  or  75  feet  or  rarely  more. 

In  Aitkin,  Cass,  and  Crow  Wing  counties,  outcrops  of  the 
bed  rocks  are  very  rare.  The  thickness  of  the  overlying 
drift  is  l>elieved,  from  its  known  depths  in  othsr  parts  of  the 
state,  to  vary  from  50  or  75  feet  to  150  or  200  feet,  or  perhaps 

a  Lake  Suiterlor  nod  th«  Rock;  UountalLS."  forming  Bulletin 
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occasionally  more,  being  spread  as  a  somewhat  uniform  sheet 
over  that  region.  The  general  altitude  and  slopes  of  the  land 
are  therefore  due  to  the  form  of  the  rock  floor  on  which  the 
drift  rests.  In  the  neighborhood  of  Carlton  and  Duluth,  how- 
ever, and  on  many  large  tracts  of  the  country  farther  north  and 
northeast,  the  bed  rocks  have  abundant  exposures,  and  bold 
rock  hills  and  cliffs  often  show  more  evidently  the  part  which 
the  rocky  foundation  takes  in  all  the  grand  topographic 
features. 

The  following  table  contains  altitudes  of  the  more  important 
railroad  stations,  Ickkes,  rivers,  and  hills,  in  the  region  of  this 
report,  noted  in  feet  above  mean  tide  sea  level. 
Altitudes  above  the  Sea  Level. 


Railroad  Stations  (track). 

St.  Paul  &  Dulidh  Bailfoad. 

Feet. 

Duluth 60S 

Sfaorl  Line  Park 875 

Thomson 1055 

Carlton 1083 

Otter  Creek  station 1150 

Summit  of  grade,  about  l  mile 
notth  of  Mabtowa,  highest  oa 

this  railroad 1170 

Mahtowa 1147 

Banium 1105 

Uoose  Lake  station 1003 

Qnai  Northern  Jlailwav- 

WestSuperior Ml 

South  Superior 672 

BoylBton 687 

Dedham 802 

Foxboro 956 

Rhodes'  Mill 1025 

Holyoke 1100 

jfforthera  Pacific  Railroad. 

Duluth ;...  608 

South  Superior 672 

Pokegama 682 

Walbridge 815 

Barker 963 

Wrenshall 1M4 

Summitof  grade,Ii  miles  south- 
east ot  Oarlton,  in  a  rock  cut 

18  feet  deep 1098 

Carlton 1083 

Pine  GroTe 1237 


Feet. 

Sawyer 1317 

Cromwell 1306 

Wright 1309 

Tamarack 12T1 

McGregor. 1228 

Kimberly 1237 

Rossburg 1222 

Aitkin 1208 

Cedar  Lake  station 1222 

Deerwood 1277 

JouesTllle 1238 

Bralnerd 1209 

Baxter 1205 

Gull  River  station 1191 

Sylvan  Lake  station 1207 

Piliager 1203 

Wheeiock 1214 

Motley 1227 

Hayden 1255 

Staples 1274 

Duluth  &  Winnipeg  Railroad. 

Cloquet -■ 1181 

Nagonab 1214 

Stony  Brook  sUtioD 1230 

Stony  Brook  Junction 12^ 

Catlln 1237 

Floodwood 1255 

Island..... 1267 

Wawlna' 1268 

Swan  River  station  1293 

Blackberry 1300 

La  Prairie 1283 

Grand  Rapids 1287 
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Feat. 

Ctohasset 4284 

Deer  Blver  statioD 1291 

DuJvtA.,  JUiuabe  &  Northern  Sailvsay. 

Shops 1230 

Ploe J368 

Grand  Lake  elding. 1332 

Burnett  lat  the  Oloquet  river). 1295 

Columbia 1267 

Albert 1301 

Birch 1320 

EelBejfattbeWhiteface  rlTer)I302 

Wallace 1316 

Morrell 1333 

Shaw  tat  the  St.  Louis  river) .  .1339 

Iron  Junction 1379 

Wolf 1402 

Mountain  Iron 1450 

Hibbing 1566 

Virginia 1439 

Eveleth 1606 

Blwabik ,. . .  1455 

Duluth  &  Iron  Bange  Ratiroad. 
Jfdfn  Line. 

Duluth 608 

Lester  Park 651 

Cmton 661 

Arthur 663 

Two  Harbors 892 

Waldo  siding 1057 

York  siding 1460 

Highland 1709 

Summit  of  grade,  highest  on 
this  railroad,  about  1  mile 
north  of  HlghlaDd,ln  a  cut  of 

morainic  till  20  feet  deep 1744 

Thomas  siding ISIO 

Cloquet  Blver  station 1504 

Breda  siding 1580 

Bassett  Lake  station 1636 

Reno  aiding  (summltot  grade). 1676 

•From  theproflle,  pclnoliiftlly  based  o 
age  and  Plgeoc  Blvar  trnni  Lake  Supe 
port  on  the  eiploratloo  of  the  oountrj 
■ettlemeot.  and  between  the  latter  pli 
0  (pp.  U.  with  two  maps  i 


St.  Loul6  River  station 1584 

Allen  Junction 1608 

Uesaba 1613 

Hinsdale  aiding  (summit  of 

grade) 1696 

Embarras  Blver  station 1426 

Horway  siding 1472 

West  Two  Rivers  Hiding 1426 

Tower  Junction 1 381 

Tower 1367 

Armstrong  Lake  siding 147S 

Robinson  Lake  station 1482 

Ely 1417 

WaUrn  Idaabi  Bnnieh. 

Allen  Junction 1608 

Blwabik 1468 

McKlnley 1436 

Virginia  station  (i  mile  east  of 
the  town  and  about  115  feet 

higher) 1566 

Laxss. 
Lake  Superior,  low   and  high 
water,  600-603;  mean  1870  to 

1888 601.56 

Ahng  the  Intemalional  Boundary.' 

South  Fowl  lake 1436 

North  Fowl  lake .....1440 

Moose  lake 1492 

Mountain  lake 1652 

Rove  lake 1667 

Watershed  on  the  boundary,  be- 
tween sources  of  tbe  Pigeon 

and  Arrow  rivers,  about 1715 

Rose  lake 1528 

South  lake 1568 

North  lake 1660 

Gunflint  lake  1541 

Pine  lake 1465 

Granite  (or  Banks' Pine)  lake.  .1448 

Saganaga  lake 1434 

Swamp  (or  Oak)  lake 1435 

I  leveUti^.of  the  "Route  bf  the  QraDd  Port- 
lor  to  Rainy  Lake,"  In  8.  J.  UawBOn'«  "Ke- 
betweeo  Lake  Superior  and  tbe  Red  Blver 
ce  and  tbe  Aaslnlbolne  ajid  Baakatcbawnn," 
ro  profiles):  corrected  approximately  t 


accord  with  the  recent  Buriey  of  tbo  Port  Arthur,  Duluth  i  Western  railway,  gtv- 
In?  the  altitude  o(  Qunfllnt  laUe,  and  with  the  altitudes  of  Knife.  Carp,  Suoker, 
sod  Baaswood  lakes,  which,  as  slven  In  thia  aeries,  besides  many  others  south  and 
southeastward  to  the  Devil's  Traok  lake,  were  determined  In  1893  tbrouRb  levelling 
by  L.  A.  Ogaard  and  Alex.  N.  WInchell  lor  the  Geologloal  and  Natural  HUtorj 
Survey  of  Ulnnesota. 


D,qit,zeabvG00»^lc 


STATE  GEOIJOGIST. 


Feet. 
Watershed  between   SagaDaga 

and  Otter  Track  lakes, crossed 

by  a  portafte  of   i  mlle.tbe 

only  exception  to  a  complete 

circuit  of  lakes  and  streams 

enclosing^  "MuDters*  Island," 

about 1475 

Otter  Track  (or  Cypress)  lake. .  1387 

Knife  lake 1382 

Carp  (or '  'Pseudo-Messer' ')  lake.  1355 

Suclcer  (or  Birch)  lake 1330 

Basswood  lake 1300 

Crooked  lak« 1245 

LaclaCrolx|NequauquoDlake).118ti 
Crane,  Sand  Points,  and  Name- 

kan  lakes 1127-1126 

Bainy  lake,  low  and  high  water, 

1115-IiaO;  mean 1117 

Lake  of  the  Woods,  low  and 

high  water,  1067-I0S3;  mean. .1060 

Souilt  nf  the  International  Boundary.^ 

Redlake 1172 

Lake  Itasca 1464 

LakePemldjI 1365 

Cass  lake 1300-1302 

Lake  W I  n  nebagosb  lsh,foTmerly, 

1200-1293;  as  raised  by  dam  of 

reservoir  system 1298 

Bow  String  lake,  head  of  the 

Bow  String  river  (or  Big  Fork 

of  Rainy  river) 1321 

Ball  Club  lake 1281 

Bass  lake. 1275 

Leech  lake,  formerly  1293-1205; 

as  raised  by  dam  of  reservoir 

system 1297 

Kabecona  lake 1302 

Pokegama  lake,  formerly  1271; 

as  raised  by  dam  of  reservoir 

syst«m 1275 

tTb«Be  altitudes  from  Bed  lake  to  Vennlllon  Ube,  Inclusive,  are  from  levelling, 
moatly  b;  rallroBd  sarvejrs,  bat  aloDg  tbe  upper  Hlwlsslppl  bj  United  Btstes 
eiiKlDeers  lor  the  ayatem  of  reservolra.  and.  Id  the  case  of  lake  Itasca,  bj  J.  V. 
Brover.  CommlMioner  of  the  Itasca  State  Park  (to  whose  published  altitude  seven 
teut  are  here  added,  aa  required  bj  tbe  corrected  elevation  ot  tbe  Great  Northern 
railway  at  Park  Uapldfl). 

■From  levelling  for  tbl*  Survey  in  Ute,  by  L.  A.  Ogaard  aad  H.  S.  Orant.  The 
altltndm  ot  Trout  and  Burot^slde  lakes,  and  ot  otbera  followlug.  when  not 
apeelally  Indloated,  are  from  barometrio  readings  by  Prof.  N.  H.  Winchell.  Dr.  C.  8. 
Orant  and  Mr.  A.  H.  ElfUoan,  relarrad  to  sea  level  approximately  by  compariaon 
with  the  bights  ascertained  by  levelling. 

tFrom  surveys  for  eitenslon  of  the  Dulutb  &  Iron  Range  raUroad, 


Sandy  lake,  formerly  1211;  pro- 
posed highest  flowage  by  dam 

of  reservoir  system 1220 

Mllle  Lacs,  low  and  high  water, 

1249-1251;  mean 1251 

Cross  and  White  Fish  lakes,  as 
raised  by  dam    of    reservoir 

system 1231 

Maximum  capacity  ot  thiBdam.1236 

Little  Boy  lake 1309 

Wabadolake 1312 

Woman  and  aii]  lakes 1324 

Ten  Mile  lake 1378 

Fourteen  Mtle  lake 1376 

Crnw  Wing  lake,  at  the  head 

of  Crow  Wing  river 1390 

Eighth  or  Fralrle   lake,  Crow 

Wing  river ,....1385 

Seventh,  Sixth  and  Fifth  lakes 
of  this  rlver.respectlvely  1382, 
1379  and  1378. 

Etbow  lake • 1426 

Long  lake,  Hubbard  county  ...1364 

Sylvan  lake 1201 

Lower  and  Upper  Gull  lakes,  as 

flowed  by  dam 1200 

Lake  Hubert 1199 

Long  lake,  Crow  Wing  county 

1198-1200 

Pelican  lake,Crow  Wing  county.1211 

Embarras  lakes 1380-1353 

Termillon  lake 1367-1360 

Trout  lake,  close  north  ot  last, 

about 1370 

Burnt-side  lake,  also  about  ....1370 

Long  lake."  Ely 1337 

Fall  lake* 1313 

Newton  lake* 1307 

Garden  or  Eve  lakel 1364 

Farm  lake 1386 

White  Iron  lake 1395 
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Feet. 

Birch  lake UIO 

Slate  lake  (T.  W,  B.  10) 1640 

GrecDwood  Uke  (T.  58.  R.  10).. 1705 

Seven  Beaver  lake 1675 

Gabbrolake 1464 

Bald  Eagle  lake : . .  1468 

Lake  Isabelle 1 570 

SDOwbank  lake! 1424 

Wilder  lake 1540 

Lake  Alice 1544 

Thomas  lake 1534 

Eraser  lake .1535 

Kekequablc  lake* 1497 

Syenite  lake  (T.  62,  E.  6  W.).  -.1777 
Lake  Polly  (T.  63,  E.  6  W. ). . .  .1617 

Little  Sagaaaga  lake* 1600 

Gabemicbigama  lake* 1587 

Ogfshke  Muncle  lake' 1488 

ScaGnll'lake 1440 

West  Sea  Gull  lake 1455 

Lake  Ida  Belle* 1793 

ElBkadlmia  lake* 1767 

Hajhew  and  Iron  lakes* 1853 

LooD  lake* 1745 

Brul^  lake*. 1851 

Wlnchell  lake* 1810 

Gaekanaf  lake* 1878 

Me«dslake* 1879 

Lake  Abtta,  probably  the  high- 
est Id  thestate,  on  the  south- 
ern slope  of  BniU  moun tain*. 2048 
Devil's  Track  lake* 1636 

BlVEBS. 

Mississippi  rioer. 

Note.— See  lakes  Itasca.Pemidjl, 
Casa,  and  Wlnnebagoshlsh,  in  the 
preceding  list. 
Head  and    foot  of    Pokegama 

falls,  as  raised  by  dam.  .1275-1254 
Head  and  foot  of  Grand  rapids, 

i  mile  long 1253-1248 

Mouth  of  Split  Hand  river 1236 

Uouth  of  Swan  river 1226 


Feet. 

Houtb  of  Sandy  river,  low  and 
high  water 1210-1224 

At  Aitkin,  low  and  high  water 
1190-1200 

Uouth  of  Pine  river,  ordinary 
low  stage 1177 

At  Bice  lake,  two  miles  north- 
east of  Brainerd.beld  by  dam. 1172 

At  Bralnerd,  low  and  high 
water 1150-1167 

Houth  of  Crow  Wing  river,  low 
and  high  water 1145-116$ 

At  Little  Palls,  above  and  be- 
low the  dam 1099-1078 

At  St.  Cloud,  above  and  below 
the  dam 975-960 

At  Mtnaeapolls,  above  and  be- 
low St.  Anthony's  falls. . . .  794-738 

At  St.  Paul,  low  and  high  water 
683-702 

Ormo  Wing  river  and  its  tr&mtaries. 

NOTS.— Thehighte  of  Crow  Wing 
and  lower  takes,,  forming  a  series 
on  the  bead  stream  of  the  Crow 
Wingrlver,  are  given  on  page  23. 

The  survey  of  the  Great  North- 
ern railway  branch  to  Park  Rapids 
supplies  the  following  altitudes  of 
tributaries  of  the  Crow  Wing  river 
at  the  bridges  of  this  railway: 

Leaf  river 1293 

Blueberry  river 1372 

Shell  river 1879 

Straight  river 1402 

Fleh-hook  river 1424 

Crow  Wing  river  at  Motley 1208 

Junction  of  Crow  Wing  river 

with  the  Mississippi,  low  and 

high  water 1145-1163 

St.  Louis  river  and  Us  tributaries. 
Bmbarras  river  at  bridge  of  the 
D.  &  I.  R.  railroad 1410 


•From  levelUng  for  tbls  Survey  In  1803,  by  L.  A.  Ogaard  and  U.  B.  Grant. 
The  altitude!  o(  Trout  and  Burut-slde  lakes,  and  o(  olhera  following,  when  not 
specially  Indloated.  are  tram  barometric  readings  by  Prof.  N.  H.  Wlocbell.  Dr.  U.S. 
GrsDt  and  Mr  A.  H.  Elftman.  referred  to  sea  level  approilmately  by  conipailson 
with  the  highta  ascertained  by  levelling. 

tFrotn  surreys  tor  exteasloD  of  the  Dulutb  &  Iron  Range  railroad. 
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Lakes  of  this  river,  exteadtDcr 
Id  a  series  about  12  miles, 
where  it  passes  through  the 
Giaat's  (or  Mesabt)  raDge  and 
southward 1380-]a53 

Cloquet  river  at  bridge  of  the 
D.  &  I.  R.  railroad 1479 

Small  lakes  forming  the  head 
of  the  St'  Louis  river,  in  the 
west  part  of  T.  59,  R.  11  W., 
about 1686 

BxpaDsioDoftbisriverlaSevea 
Beaver  lalce 1676 

St.  Louis  river  at  bridge  of  the 
D.  &  I.  B.  railroad 1584 

At  bridge  of  the  D.,  M.  &  TS. 
railway 1300 

At  mouth  of  Floodwood  and 
East  Savanna  rivers 1234 

At  Stony  Brook  Junction 1211 

AtCloquet,head  of  rapids  above 
KQlffl  falls 1178 

Foot  of  Enlfd  falls 1160 

At  bridge  of  the  D.  &  W.  rail- 
road   1120 

Top  of  dam  at  Thomson,  about.  1040 

At  bridge  of  the  St.  P.  &  D.  rail- 
road, close  below  the  last,  low 
and  high  water 997-1020 

At  Food  du  Lac,  level  with  lake 
Superior,  about  seven  miles 
east  of  ThoojsoD 602 


Feet. 

Hills  In  sees.  26  aud  28,  T.  69,  B. 
17,  about  four  miles  uortbeaat 
and  three  miles  N.  N.  E.  from 
YirglDja,  forming  the  highest 
land  In  St.  Louis  county,  re- 
spectively, about.. .  .2026  and  2160 

Summits  of  the  Giant's  (or 
Mesabl)  range,  in  T.  69,  B. 
16,  a  few  miles  north  of 
Blwablk 1800-1900 

Summits  of   this   range   near 

-  Hinsdale,  where  It  is  crossed, 
in  a  gap,  by  the  D.  &  I.  R. 
railroad 1850-1950 

Hill    close    north    of     Tower 

(South  ridge),  about 1668 

■  Soudan  hill  (North  ridge),  one 
mile  northeast  from  the  last, 
about 1600 

Jasper  peak,  21  miles  east  of 
Tower,  about 1650 

Ridge  close  sou theaatof  Syenite 
lake,  in  the  east  part  of  T.  62, 
R.  6  W.,  probably  the'hlghest 
in  Lalfe  county,  about.. 2100-2200 

Mlsquah  hills,  Cook  county,  the 
highest  in  Minnesota,  In  the 
south  edge  of  Ts.  64,  Bs.  1 
and  2  W..  comprising  several 
summ  Its  about  2200  feet  above 
the  sea  along  a  distance  of 
eight  miles  from  east  to  west, 


with     their     highest    point 

Hills  and  Moustatns.  about  a  half  mile  southeast 

HighMt  pofnt  on  the  road  trom  '""»  "'"'  """"f  »','""!""'    „ 

Bmlnerd  to  Leech  lake,  ahout  ,  '"''«■  li"""-'""!  by  le»eninj.2230 

.even  mile.  »»lb  of    he  In-  H™'     """"t,"  "'  ■"'  "'   '',„„ 

dlaoAgenoy 1500         W.),  b,  levelling 2170 

Snmolt  01  ridge  »uthwe»t  ot  ^op  ot  blnp  leoo  to  70O  teet 

Pokegama  lake,  In  the  «juth  »'»'■    l«ke  Superior)    ek« 

part  o(T.  64,  R.*  the  high-  "orthof  Dnluth imiSOO 

est  point  In  Itasea  connty. ...  1617  Sawteeth  niounlalni  near  the 

Poqnodenaw  mountain,  Kc.  25,  ""•"  °'  """  S»I»rlor,  Irem 

T.  52,  R.  26.  the  hlghe.t  hill  Temperauce   river  and  Oarl- 

in  Aitkin  county,  about 1525  «>»'■  P""  ^  '5'«'"»  ""i"  .„ 

1300-1700 
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In  the  areas  assigned  to  me  for  geologic  mapping  and  re- 
port, namely,  Aitkin  and  Cass  counties,  and  the  northwestern 
part  of  Crow  Wing  counly,  the  tracts  covered  by  the  several 
varieties  of  the  glacial  and  modified  ^nft  have  been  delineated 
approximately.  The  few  and  small  outcrops  of  the  bed-rocks 
have  also  been  shown  on  the  maps;  but,  in  a  region  so  almost 
universally  drift-covered,  it  is  impossible  to  trace  with  cer- 
tainty, or  perhaps  even  with  demonstrable  probability,  the 
limits  of  these  Archean  and  Taconlc  formations.  '  Under  many 
portions  of  the  drift-sheet  here  Cretaceoas  beds,  thoagh  not 
observed  in  outcrops,  are  doubtless  still  thinly  represented  in 
place.  On  a  map  of  the  formations  underlying  the  drift,  the 
northwestern  part  of  Cass  county  is  best  shown  as  Cretaceous, 
and  this  may  also  extend  eastward  through  Aitkin  county;  for 
it  is  known  that  much  of  the  drift  of  these  counties  has  been 
derived  from  contiguous  and  underlying  Cretaceous  shales  by 
glacial  erosion. 

SKETCH  OF  RESULTS  OF  GEOLOGICAL  WORK. 
I.   ARCHEAN  OCTQEOPS  IN  AtTKIN  AND  OASB  COUNTIES. 

A  considerable  tract  in  the  southeastern  part  of  Aitkin 
county  is  probably  occupied  by  Archean  rocks,  which  extend 
thence  east  and  south  into  Pine  and  Kanabec  counties.  Be- 
tween the  Snake  river  and  Cowan's  brook,  in  the  south  edge  of 
Aitkin  county,  the  glacial  drift  in  the  S.  E.  i  of  sec.  31,  T.  43, 
R.  23,  has  in  some  places  very  plentiful  blocks  of  a  fine- 
grained, gray  granite,  containg  black  mica.  This  Archean 
formation  is  doubtless  the  bed-rock  there  at  a  little  depth  be- 
low the  surface.  Within  a  mile  southwestward,  and  thence  for 
nearly  three  miles  down  the  Snake  river,  past  its  Upper  and 
Lower  falls  in  northern  Kanabec  county,  Archean  granites, 
schists,  and  gneiss,  have  many  and  extensive  outcrops. 

In  the  most  southwestern  township  (T.  134,  R  32)  of  Cass 
county,  the  east  half  of  sec.  28,  about  five  miles  northwest  from 
Motley,  comprises  an  area  of  frequently  outcropping  hom- 
blendic  granite,  extending  a  half  mile  from  south  to  north, 
with  a  width  of  twenty  to  forty  rods.  These  rock  exposures 
rise  five  to  eight  feet  above  the  adjoining  general  surface  of 
moderately  undulating  drift,  being  twenty  to  forty  feet  above 
the  Crow  Wing  river,  which  lies  about  three-fourths  of  a  mile 
to  the  southwest.     Two  wide  dikes  of  dark,  tough  diabase  ia- 
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tersect  the  granite,  following  the  course  of  nearly  vertical 
joint  planes.  In  the  Eleventh  Annual  Report  (pages  67,  88), 
these  rocks  are  described  in  detail,  and  a  figure  is  given  show- 
ing a  part  of  one  of  the  dikes,  with  narrow  branches  running 
from  it.  Some  portions  of  this  granite  may  be  found  valuable 
for  quarrying,  which,  though  several  times  contemplated,  has 
not  yet  been  uadertakeo. 

II.   QCAETZTTE  AMD  DIABA6B  IN  AITKIN  COUNTY. 

Quartzyte  forms  a  slightly  projecting  point  of  the  north- 
western  shore  of  Dam  lake,  near  fhe  center  of  the  west  half  of 
sea  35,  Kimberly  (T.  47,  R.  25),  about  three  miles  south  from 
Kimberly  station  and  eleven  miles  east  of  Aitkin,  Its  outcrop 
has  a  length  of  about  250  feet  along  the  shore  and  varies  in 
width  from  15  to  50  or  60  feet,  rising  to  a  hight  of  four  or  five 
feet  above  the  lake.  Through  all  its  extent  the  rock  is  much 
fractured  into  separate  boulder-like  masses  from  one  or  two 
feet  up  to  ten  or  rarely  twelve  feet  in  diameter,  lying  in  close 
contact,  with  only  very  scanty  foreign  drift  boulders  of  gran- 
itic, trappean,  and  other  crystalline  rocks  such  as  abound  in 
the  drift  of  all  this  district,  and  even  in  the  immediate  vicinity 
of  the  outcrop.  Boulders  of  the  quartzyte,  however,  are  very 
rare  in  the  drift,  and  the  great  abundance  of  its  masses  at  this 
locality  shows  unquestionably  that  it  is  here  the  bed-rock, 
although  no  compact  ledge  is  seen.  The  shattered  condition 
of  its  whole  observable  extent  seems  probably  attributable  to 
preglacial  weathering  of  the  rock  at  and  near  this  place  to 
form  low  cliffs  with  many  boulders  due  to  gradual  disintegra- 
tion along  crevices  and  joint  planes.  During  the  Glacial 
period  some  or  perhaps  all  of  these  quartzyte  masses  may 
have  been  transported  short  distances,  but  the  very  small  pro  - 
portion  of  boulders  of  other  rocks  mingled  with  the  quartzyte 
indicates  that  its  blocks  are  in  or  near  their  preglacial  position. 

In  its  original  condition  this  rock  was  a  sandstone  of  well- 
rounded  white  quartz  grains  mostly  from  a  thirtieth  to  a 
tenth  of  an  inch  in  diameter.  The  spaces  between  the  grains 
have  become  filled  with  similar  white  quartz,  and  the  rock  is 
now  a  very  compact  light  gray  quartzyte,  varying  rarely  in 
superficial  portions  to  a  partially  reddish  color  where  iron  per- 
oxide coats  the  sand  grains  and  stains  the  interstitial  quartz. 

Apparently  the  most  probable  hypothesis  that  we  can 
assume,  in  attempting  to  correlate  this  Aitkin  county  quartzyte 
with  the  stratigraphic  sequence  of  rock  formations  ascertained 
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elsewhere  in  all  the  surrounding  country,  is  to  suppose  it  to  be 
a  part  of  Bome  area,  very  prohably  a  belt  having  a  general 
east-northeast  to  west-southwest  extension,  of  the  Pewabic 
formation,  which  is  regarded  as  the  basal  member  of  the 
Taconic  series.  There  may  be,  according  to  this  hypothesis,  a 
wide  and  shallow  synclinal  trough  of  the  qnartzyte  with  its 
northern  border  on  the  southern  slope  of  the  G-iant's  (or 
Mesabi)  range,  with  western  continuation  to  Pokegama  falls 
on  the  Mississippi,  and  its  southern  rim  represented  by  the 
locality  here  described.  The  dip  and  strike  of  the  strata, 
however,  were  not  determinable  in  this  place,  since  no  distinct 
lines  of  bedding  were  observed  in  any  of  these  quartzyte 
masses;  and  their  irregular  forms,  although  evidently  due  to 
joint  structure,  indicate  that  the  formation  here  is  not  trav- 
ersed by  any  regular  systems  of  parallel  and  intersecting 
joints. 

About  three  miles  southwest  from  this  exposure  of  quartzyte. 
two  outcrops  of  nearly  black,  rather  coarse-grained,  very  hard 
and  tough  diabase  occur  in  the  S.  W.  i  of  sec.  9,  T.  46,  R.  25, 
within  about  a  fourth  of  a  mile  west  from  the  south  end  of 
Long  lake  and  some  20  or  25  feet  above  it.  A  foot  trail  leading 
from  Rabbit  lake  northeasterly  to  Dam  lake  passes  over  the 
western  and  larger  outcrop,  which  has  a  smooth  and  somewhat 
flat  extent  of  about  100  feet  from  southwest  to  northeast,  with 
a  maximum  width  of  30  feet,  rising  only  one  to  two  feet  above 
the  general  surface  of  the  glacial  drift.  This  trap  rock  shows 
no  traces  of  flow  or  shear  structure,  nor  any  noteworthy  varia- 
tion in  the  degree  of  coarseness  of  its  crystalline  texture, 
throughout  its  visible  area.  It  oelongs  doubtless  to  the  central 
portion  of  a  dike  of  undetermined  but  probably  not  very  great 
width,  whose  borders  and  contact  with  the  country  rock  on 
each  side,  presumably  quartzyte,  are  hidden  by  the  drift. 

The  course  of  the  dike  is  probably  from  southwest  to  north- 
east, for  a  second  exposure  of  the  same  rock  is  found  at  a  dis- 
tance of  about  twenty  rods  farther  northeast,  divided  from  the 
foregoing  by  a  slight  depression  of  five  feet  in  which  there  is 
a  grove  of  several  large  poplars.  The  length  of  this  outcrop 
is  about  30  feet,  also  trending  northeastward,  and  its  width  15 
feet.  Both  outcrops  are  cut  in  many  directions  by  numerous 
joints,  nearly  vertical  or  steeply  inclined,  among  which  no 
prevailing  system  is  observable.  Slight  weathering  of  these 
rock  surfaces  has  removed  their  glacial  striation-,but  ttie  diabase 
appears  to  have  been  more  durable  to  resist  decay  than  the 
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enclosing  strata  of  the  country  rock,  for  which  reason  the  dike 
remains  with  a  greater  hight  and  projects  through  the  drift 
sheet.  A  wooded  bill  of  the  drift  rises  within  a  distance  of 
about  a  quarter  of  a  mile  northeastward  to  a  hight  of  40  feet 
or  more  above  the  trap  outcrops,  which  lie  in  a  tract  having 
only  bushes  and  scattering  small  trees.  An  examination  for  a 
considerable  distance  around  failed  to  discover  other  rock  ex- 
posures, but  very  probably  some  of  small  extent  will  be  found 
if  the  land  should  be  cleared  for  cultivation  or  pasturage. 

The  time  of  the  volcanic  or  more  deeply  seated  plutonic  in- 
trusion of  the  trap  rock  here  cannot  be  definitely  stated.  Quite 
probably  it  may  have  been  contemporaneous  with  the  intrusive 
laccolitic  sills  of  diabase  in  the  Animikie  and  Keweenawan  (or 
Nipigon)  sedimentary  formations  on  the  northwest  coast  of 
Lake  Superior.  Dr.  A.  C.  Lawson  concludes  that  those  trap 
sheets  and  dikes,  mostly  similar  to  the  diab^e  in  Aitkin 
county,  are  of  some  undetermined  age  subsequent  to  the  Ke- 
weenawan period,  which  was  in  the  later  part  of  the  Taconic  or 
Algonkian  era.*  They  may  belong,  however,  to  a  very  late 
stage  of  this  era,  before  its  great  upper  series  of  detrital  and 
volcanic  rocks  was  completed. 

III.    EVIDENCE  OF  CRETACEOUS  BEDS  UNDERLYISO  THE  DRIFT. 

Although  no  outcrops  or  natural  exposures  of  Cretaceous 
strata  have  been  found  in  Aitkin  and  Cass  counties,  it  seems 
highly  probable  that  shales  of  this  age  remain  in  many  places, 
perhaps  upon  the  greater  part  of  this  area,  beneath  the  drift. 
Fifteen  years  ago  Prof.  N.  H.  Wmchell  wrote: 

A  line  drawn  from  the  west  end  of  Huntera'  Island,  on  the  Canadian 
boundary  line,  southward  to  Minneapolis,  and  thence  sou  tb  east  ward  If 
tbrough  Rochester  to  the  low^  state  line,  would.  In  general,  separate 
that  part  of  the  state  In  which  the  Cretaceous  in  not  known  to  exist  from 
that  In  which  It  does.  It  Is  not  here  ioteDdfd  to  convey  the  Idea  that 
thewholestate  westof  this  line  isspread  over  with  the  Cretaceous,  be- 
cause there  are  many  places  where  the  drift  lies  directly  on  the  Silurian 
or  earlier  rocks;  but  throughout  this  pact  of  the  state  the  Cretaceous 
exists  at  least  In  itatches,  and  perhaps  once  existed  cuntlnuous'.y.t 

This  opinion  has  been  well  confirmed  by  the  subsequent 
work  of  this  Survey,  and  notably  by  Mr.  H.  V.  Winchell's 
recent  discoveries  of  Cretaceous  shales  at  several  places  35' to 
45  miles  northeast  of  Aitkin  county,  along  the  elevated  Mesabi 
range.|    The  Cretaceous  marine  submergence  of  this  region 

•Bulletin  No.  8.  ot  tbU  Surrey. 

tBulletlo  ot  the  HlDoeBota  Academr  of  Natural  Sciences,  vol.  t,  p.  348. 

tkiD.  Geologist,  voL  xtl.  pp.  2i»-SS3,  Ocu.  IBBS. 
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appears  thus  to  have  extended  eastward  at  least  to  the  present 
site  of  lake  Superior.  A  large  part  of  the  clay  of  the  glacial 
drift  here  was  doubtless  derived  by  erosion  from  Cretaceous 
shales,  and  their  calcareous  matter  supplied  to  the  drift  may 
principally  account  for  its  small  amount  held  in  solution  by 
wells  and  springs  in  these  counties,  making  their  water  some- 
what "bard"  and  unflt  for  washing  with  soap. 

On  the  site  of  the  Sandy  lake  dam  an  excavation  about  ten 
feet  square,  made  in  the  summer  of  1893,  encountered  in  the 
modified  drift,  at  a  level  a  few  feet  below  the  river  bed,  a 
gravel  layer  enclosing  abundant  water-worn  and  partially 
rounded  lumps  of  lignite.  These  masses  vary  in  size  from 
one  or  two  inches  to  six  inches  or  more  in  length,  and  are 
mostly  flattened  in  parallelism  with  their  bedding  planes.  It 
was  estimated  by  Mr.  Archibald  Johnson,  in  charge  of  the 
construction  of  the  dam,  that  about  two  bushels  of  lignite 
fragments  were  thrown  out  from  this  small  excavation.  They 
are  of  quality  similar  to  the  lignite  coal  found  in  thin  layers 
enclosed  in  Cretaceous  shales  near  Richmond,  Ft.  Ridgely, 
and  Redwood  Falls  in  Minnesota,  and  to  the  thicker  Cretaceous 
lignite  beds  which  are  mined  on  the  Souris  or  Mouse  river  and 
west  of  Bismarck  in  North  Dakota.  Small  fragments  of 
lignite  are  found  very  rarely  in  the  till  of  all  the  western  two- 
thirds  of  Minnesota,  including  Aitkin  county,  in  which  Sandy 
lake  is  situated;  and  gravel  layers  in  wells  near  Aitkin  occa- 
sionally contain  smoothly  rounded  pebbles  of  very  compact, 
nearly  black,  carbonaceous  shale,  somewhat  resembling  graph- 
ite.  Occurring  so  plentifully  at  Sandy  lake,  this  lignite 
gravel  must  have  been  derived  from  the  erosion  of  some  layer 
of  lignite  in  Cretaceous  shales  not  far  distant  northward  or 
northeastward. 

Only  very  scanty  Cretaceous  shale  gravel,  however,  is  found 
in  the  till  and  in  nearly  all  the  modified  drift  of  this  region. 
The  greater  part  of  the  Cretaceous  beds  here  may  be  too  soft 
to  yield  pebbles,  the  product  of  their  glacial  erosion  being 
principally  aa  indistinguishable  part  of  the  fine  rock  flour  or 
clay  in  the  till  The  lignite  fragments  at  Sandy  lake  are  not 
sufficient,  according  to  the  opinion  of  the  writer,  to  indicate 
the  existence  of  workable  layers  of  lignite;  for  they  more  prob- 
ably came  from  thin  seams  like  those  known  elsewhere  in  Min- 
nesota, which  are  mostly  about  one  foot  or  less  in  thickness 
and  nowhere  exceed  three  or  four  feet,  being  inadequate  for 
profitable  mining.     Little  or  no  encouragement  can  be  given 
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to  prospecting  in  this  thickly  drift-covered  region  with  the 
hope  of  finding  va1uab)e  beds  of  this  brown  coal. 

IV.    GLACIAL  DRIFT  ANU  MORAINES. 

(Mapi«d  In  Plate  L  taclas  page  18.  at  the  beglDlog  ot  tbjsohapur.) 

Nearly  all  of  Minnesota  is  covered  by  a  mantle  of  drift  that 
averages  from  100  to  150  feet  in  thickness,  almost  everywhere 
concealing  the  bed-rocks,  which  generally  had  been  suba<!rially 
eroded  in  preglacial  times  to  an  approximately  flat  or  only 
moderately  hilly  surface.  Small  knobs  and  bills  of  rock  which 
had  been  spared  by  the  preglacial  erosion  were  doubtless  in 
many  places  worn  down  and  levelled  by  the  ice-sheet,  and  its 
drift  was  filled  into  the  preglacial  valleys,  so  that  the  contour 
of  the  drift-enveloped  country  is  now  more  uniform  than  it  was 
before  the  Ice  age.  But  on  certain  belts  the  drift  was  left  in  hills 
and  ridges,  accumulated  along  the  margin  of  the  ice  where  it 
paused  or  somewhat  resdvanced,  apparently  because  of  secular 
fiuctuations  of  climatic  conditions,  at  successive  stages  which 
interrupted  its  general  retreat  during  the  closing  part  of  the 
Glacial  period.  Numerous  belts  extending  across  areas  which 
have  a  nearly  plane  surface  of  the  underlying  rocks  are  thus 
occupied  by  drift  amassed  in  prominent  hills.  Upon  the  greater 
part  of  Minnesota  the  only  hills  are  formed  of  this  morainic 
drift,  ranging  in  hight  commonly  from  25  to  75  or  100  feet,  but 
occasionally  attaining  much  greater  altitude,  as  in  the  Leaf 
hills,  which  rise  from  100  to  350  feet  above  the  moderately 
undulating  country  on  each  side.  These  characters  of  the 
bed-rock  contour,  and  of  the  overlying  drift  surface,  prevail 
through  (7ass,  Crow  Wing,  and  Aitkin  counties,  and  the  region 
thence  north  to  the  international  boundary,  as  also  upon  most 
of  the  area  eastward  to  the  sources  of  the  St.  Louis,  Whiteface, 
and  Cloquet  rivers. 

Farther  northeastward,  a  region  of  comparatively  scanty 
drift,  with  plentiful  rock  outcrops,  begins  upon  Rainy  lake, 
Net,  Pelican,  and  Vermilion  lakes,  in  the  Giant's  or  Mesabi 
range  (a  high  granite  ridge),  and  along  the  bold  highland 
which  forms  all  the  northwestern  shore  of  lake  Superior.  This 
region,  reaching  thence  northward  and  eastward  into  Canada, 
presents  very  remarkable  contrasts  with  the  other  and  far 
greater  portion  of  Minnesota  before  described;  for  it  has  fre- 
quent steep  rock  hills  100  to  200  or  300  feet  above  the  neigh- 
boring lakes  and  streams,  and  its  drift  averages  probably  only 
from  10  feet  or  less  to  25  or  50  feet  in  thickness,  often  giving, 
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even  on  the  lowlands,  ample  opportunities  for  examination  of 
the  older  geologic  formations,  and  for  accurate  tracing  of  their 
boundaries.  Yet  this  hilly  and  rocky  district  is  quite  surely 
less  uneven  than  before  its  glaclation,  which  in  general  tended 
to  reduce  the  hights  of  the  hills  and  to  fill  the  hollows  with 
drift,  or  to  bar  them  with  drift  accumulations  whereby  most  of 
the  very  abundant  lakes  of  the  district  are  partially  enclosed. 
In  many  instances  it  may  be  shown  here  that  glacial  erosion 
produced  rock  basins  that  are  filled  by  lakes;  but  more  com- 
monly some  part  of  the  lake  shores  consists  of  drift  whose 
removal  would  open  avenues  through  which  the  water  could 
mostly  or  wholly  fiow  away. 

Transportation  of  Boulders. 

The  boulders  of  the  drift  in  northeastern  Minnesota  have  been 
mostly  transported  toward  the  west,  southwest,  and  south,  from 
their  parent  ledges.  In  the  northwestern  part  of  the  state, 
however,  the  glacial  currents  flowed  and  carried  their  boulders 
from  the  Silurian  limestone  region  of  lakes  Winnipeg  and  Man- 
itoba, and  from  the  Archean  gneiss  and  granitic  rocks  east  and 
north  of  lake  Winnipeg,  southward  and  southeastward  into 
western  and  southern  Minnesota,  and  thence  continued  across 
Iowa  to  the  drift  boundary  in  Missouri  and  northeastern  Kansas. 
These  two  fanlike  outflows  from  the  farther  north  and  thicker 
central  portions  of  the  icesheet  were  confluent,  pushing 
against  and  uniting  with  each  other  from  the  northeast  and 
northwest,  along  a  belt  which  extends  southward  from  near 
the  mouth  of  Rainy  lake  and  Winnebagoshish  and  Leech  lakes 
to  the  vicinity  of  Brainerd  and  to  Minneapolis,  coinciding  ap- 
proximately, for  this  distance  of  abont  250  miles,  with  the 
courses  of  the  Big  Pork  (or  Bow  String)  and  Mississippi  rivers. 

Throughout  the  district  of  this  field  work  and  report  the 
drift  is  mainly  derived  from  the  rock  formations  outcropping 
and  underlying  it  within  distances  from  a  few  miles  up  to  fifty 
miles  in  the  directions  whence  the  glacial  outflow  advanced. 
Upon  an  area  of  gabbro,  or  of  granite  or  schists,  or  slate,  or 
other  rock,  and  for  some  miles  onward,  many  of  the  boulders, 
large  and  small,  and  much  of  the  gravel  in  the  till  and  modified 
drift,  consist  of  the  same  kind  of  rock.  The  glacially  eroded 
grist  comprises  frequent  boulders  up  to  5  feet  in  diameter, 
usually  very  few  up  to  10  feet,  and  exceedingly  rare  blocks  of 
larger  size,  excepting  near  to  prominent  and  favorably  jointed 
rock  outerops.    A  much  larger  proportion  of  the  drift  occurs 
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as  small  boulders  and  fragments,  gravel,  sasd,  and  rock  flour, 
the  fiue  detritus  making  nearlyi  everywhere  the  far  greater 
part  of  the  whole  mass. 

Only  where  rock  formations  of  restricted  area  have  peculiar 
characters  by  which  their  boulders  can  be  identified  with  cer- 
tainty, as  distinct  from  all  similar  boulders  supplied  by  other 
formations  and  districts,  is  it  possible  to  atSrm  positively  the 
distance  of  their  transportation.  Thus,  we  find  rarely  in  Big 
Stone  and  Otter  Tail  counties,  of  western  Minnesota,  granite 
boulders  with  included  fragments  of  hornblende  schist,*  like 
much  of  the  granite  forming  the  Giant's  or  Mesabi  range,  which 
was  probably  their  source.  These  boulders  appear  to  have 
been  carried  about  200  miles  southwest  and  west-southwest.  A 
mass  of  native  copper  weighing  more  than  thirty  pounds,  found 
in  Lucas  county,  southern  Iowa,t  had  been  doubtless  borne  by 
the  currents  of  the  ice- sheet  about  600  miles,  from  the  present 
copper  mining  region  south  of  lake  Superior,  or  from  Isle  Roy- 
ale,  first  southwestward  and  then  southward  through  eastern 
and  southern  Minnesota,  passing  west  of  the  Wisconsin  drift- 
less  area. 

The  farthest  known  transportation  of  rock-fragments  in  the 
drift,  recorded  in  part  by  Dr.  Robert  Bell,  of  the  Canadian  Geo- 
logical Survey,  whose  observations  are  supplemented  by  my 
own,  is  from  James  bay  southwest  to  North  Dakota  and  Minne- 
sota.    The  rock  thus  recognized  is  a  "dark  grey,  granular, 

siliceous  felsite  or  greywacke characterized  by  round 

spots,  from  the  size  of  a  pea  to  that  of  a  cricket  ball  or  larger, 
of  a  lighter  color  than  the  rest  of  the  rock,  which  weather  out 
into  pits  of  the  same  form."  It  occurs  in  situ,  as  reported  by 
l)r.  Bell,  on  Long  island,  off  Cape  Jones,  on  the  east  coast  of 
Hudson  bay,  where  it  is  narrowed  to  form  James  bay,  having 
there  a  southwestward  strike,  and  probably  continuing  under 
the  sea  for  some  distance  in  that  direction.  He  notes  that  the 
abundance  of  pebbles  and  boulders  of  this  rock  is  the  most  re- 
markable feature  of  the  drift  on  the  west  coast  of  James  bay 
and  along  the  Attawapishkat,  Albany  and  Kenogami  rivers, 
and  that  its  fragments  have  been  found  by  him  as  far  west  as 
Lonely  lake,  and  southward  to  lake  Superior.!  Farther  to  the 
southwest  and  south  I  have  observed  fragments  of  it,  usually 

*  Final  Report,  vol.  1,  p,  BM;  vol.  11,  p.  651. 
1 0.  A.  While.  Geology  of  Iowa,  1B70.  toI.  1,  p.  96, 

t  Oeol.  and  Nat.  Hlat.  Strvej  ot  Canada.  Annus]  Baport,  new  series,  T.>1.  II,  tor  UM, 
p ,  sea ;  oompare  Report  ol  ProRress  for  ISTB-TU,  pp.  23, 330. 
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only  a  few  inches,  but  in  some  inEtances,  a  foot  or  more  in 
diameter,  occurring  very  rarely  in  the  drift  in  the  northeastern 
part  of  North  Dakota,  where  the  largest  piece  ever  found  by 
me  was  about  thirty  miles  south  of  the  international  boundary 
and  fifty  mites  west  of  the  Red  river,  and  at  numerous  localities 
in  Minnesota,  where  It  extends  at  least  as  far  south  as  Steele 
county,  seventy  five  miles  south  of  St.  Paul,  and  a  thousand 
miles  southwest  of  its  outcrop  north  of  James  bay. 

GLACIAL    STRI^. 

While  the  most  distantly  derived  boulders  of  the  drift  bear 
testimony  of  the  sum  of  all  the  movements  of  the  glacial  cur- 
rents, during  the  entire  Ice  age, upon  the  area  across  which  they 
came,  it  is  to  be  remarked  that  the  glacial  striss,  or  furrows 
and  scratches  on  the  bed  rocks  engraved  by  boulders,  pebbles, 
and  sand  grains  frozen  in  the  base  of  the  moving  ice-sheet 
record  only  the  course  of  the  latest  glacial  current  there,  ex- 
cepting such  striated  rock  surfaces  as  became  drift-covered 
and  thus  protected  from  the  latest  ice  abrasion.  Probably  the 
average  glacial  erosion  of  our  rock  surface,  for  different  parts 
of  Minnesota,  varies  from  10  or  20  feet  to  50  or  100  feet  or  more, 
approaching,  but  not  generally  equalling,  the  depth  of  the 
drift.  Nearly  all  of  the  strise  produced  during  the  early  and 
middle  portions  of  the  Glacial  period  have  therefore  been 
erased  and  their  places  taken  by  the  later  markings.  £ven 
where  one  set  of  striae  was  protected  by  a  drift  covering  until 
a  considerably  divergent  set  was  engraved  on  adjacent  parts 
of  the  same  ledge,  as  has  been  observed  at  some  localities  in 
southwestern  Minnesota,*  and  in  many  places  near  Duluth, 
noted  in  the  following  table,  it  is  far  more  probable  that  both' 
belong  to  successive  late  stages  of  the  glaciation  than  that  any 
long  fraction  of  the  Ice  age  intervened.  When  several  courses 
intersect  each  other  on  the  same  rock  surface,  differing  30°, 
60°,  or  even  90°,  in  their  extremes  of  deflection,  as  in  numerous 
instances  near  Carlton,  Thomson  and  Duluth,  these  varia 
tions  seem  referable  to  the  closing  scene  of  the  glacial  re- 
treat when  the  ice  border,  irregularly  indented  in  its  process 
of  melting  and  consequently  having  sudden  and  great  deflec- 
tions of  its  marginal  currents,  was  being  withdrawn  across 
these  striated  rock  exposures. 

Gienerally  outcrops  that  have  been  long  exposed  to  the  disln- 


*Pliial  Beport.TDl.  1.  pp.  SOB  and  040,  wltb  figures  3S  and  U 
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tegrating  action  of  the  weather,  having  been  acdoubtedly  in 
many  instances  bare  ever  since  the  departure  of  the  ice-sheet, 
show  few  remnants,  or  only  here  and  there  faint  traces,  of 
their  originally  abundant  striae.  These  long  weathered  rock 
surfaces  have  suffered  a  slight  loss,  estimated  to  vary  com- 
monly from  a  sixteenth  of  an  inch  or  less  to  a  half  inch  or 
sometimes  more,  worn  away,  with  the  delicate  glacial  strise,  by 
the  rains  of  many  centuries,  while  yet  the  planed  or  rounded 
forms  of  the  ledges  due  to  their  glaciation  are  unchanged. 
That  so  little  subaSrial  erosion  has  taken  place  since  the  end  of 
the  Ice  age  is  a  sure  evidence  of  the  geological  brevity  of  this 
Postglacial  or  Recent  period,  agreeing  with  the  conclusion 
reached  by  Pi-of.  N.  H.  Winchell  from  his  investigations  con- 
cerning the  rate  of  recession  of  the  Palls  of  St.  Anthony,  by 
which  he  estimated  the  length  of  postglacial  time  to  be  about 
8,000  years.! 

"Wherever  the  ledges  have  been  covered  by  drift  and  so  pro- 
tected from  weathering,  they  retain  their  glacial  marks  in  per- 
fection; and  on  tracts  of  plentiful  rock  outcrops,  such  striated 
surfaces  are  frequently  exposed  by  excavations  for  streets,  cel- 
lars, etc.,  and  by  the  removal  of  the  drift  on  the  borders  of 
quarries.  Though  most  of  the  striae  of  naturally  exposed 
ledges  have  become  effaced,  usually  a  careful  search  will  de- 
tect some  portions  where  they  remain;  and  occasionally,  even 
on  surfaces  evidently  exposed  during  all  the  Postglacial  period, 
the  striaUon  is  still  very  distinct  upon  spaces  10  to  20  feet  or 
more  in  extent. 

CowKS  of  Glacial  Slria  in  narUieaiient  Minnesota, 
referred  to  the  true  or  astroDomlc  meridian. 

Frou  NOTE3  BY  CoL.  Charlee        OttfiT  Track  lake S.  W. 

WHnTLBSKY.*  Knife  lake S.  46°  W. 

Island  In  Carp  lake S.  40°  W. 

Terraillon  lake S.  15°  W.     Sucker  lake S.  W. 

Sand  Points  lake S.  66°  W.      Basswuod  lake.  Northeast  cape 

Namekan  lake,  also S.  55°  W S.  15°  W. 

Rainy  lake S.  W.  toS.  75°  W.     Ima  lake,  north  shore 

BiK  fork  of  Rainy  river  at  "a  8.38°  W.  andS.  23°  W. 

fall  of  Blx  feet  over  trappose  Isiaud  to  Thomas  lake S.  25°  W. 

rock,"  esUmated  82  miles  by  Sec.  n,T.  W,  R.  7  W S.  J0°  W. 

the  stream  from  Its  mouth  Delta  lake,  sec.  28,  T.  65,  B.  6.. 

N.80°  W S.  25°  W. 

Sec.  30,  T.  63,  B.  8 S.  8°  E. 

Fboh   KOTE8  BT  Pbof.  N.    H.      Sec.  35,  T.  63,  R.  9 S.  I2°W. 

WiNCHELi,,   in  former  annual  re-      Sec.  27,  T.  63,  R.  10 S.  15°W. 

ports  of  thia  survey.  Birch  lake.  S.  12  °W.  and  S.  22°  W. 

tFlniklKeiMirt.  vol.  U.  pD.ail-UI,  with  mspa  and  plates. 

*  BepnrC  of  Explorations  In  tbe  Mineral  Begloaa  ol  HlanMOta  dnrlos  the  years 
ItU,  1W»,  and  IBM. 
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Ycrmilioa  lake,  twetaty  locall- 

tlea S.  n°-24°  W., 

aod  three  other  localities  — 
S.  28°  W.,S.  10°  W.  andS. 

Pike  rtver,  tributary  to  Vermil- 

iOQlake,  two  places 

S.  10°  and  20°  W. 

Duluth W.  S.  W. 

Prairie  river,  lower  falls, sec.  34, 
T.56,R-25W S.10»E. 

FbOM  NOTEfl  BY  Mr.  HORACE  V, 

WiNCHELL,  Id  the  Sixleenib  and 

SeventeeDtb  A.Doual  Reports  of  this 

Survey. 

Little  fork  of  Rainy  river,  Ave 

localities S,  10'-t2°  W. 

Rainy  rfver,  M  miles  below  Ft. 

Francis S.32°  W. 

Rainy  lake,  nine  localities 

S.3Z°-61°  W. 

North  fall  no  outlet  from  Kame- 

kan  lake  to  Rainy  laice.  -S.  30"  W. 
Bow  String  rfver  (Big   fork  of 

Rainy  river),  probably  tn  T. 

63,  R.  26,  intersecting  striie. 

mainly S.  10°  W.  and  S.  30°  E. 

do.,     a    short  distance  atx>ve 

the  last,  very  distinct  glacla- 

tlon S.  60°  E. 

[or,  more  probably  ....N.  60°  W.] 
Deer  rivet,  at  dam  about  a  half 

mile  above  its  Junction  with 

the  Big  fork,  probably  In  T. 

92,  R.  :a S.  80°  E.  to  due  E. 

[or,  K.  80°  W.  to  due  W .  1 

Big   fork,    about   three   miles 

above    the    moutb   of   Deer 

river Due  E. 

[or  more  probably,  W.] 

do.,  fn  or    near   sec.  35,  T.  150, 

R.  25 S.  52°  E.  f  or  N.  52°  W.] 

The  cause  of  the  foregoing  re- 
markable deflections  will  be  con- 
sidered on  a  following  page. 
Net  lake,  In  the  Bois  Fort  In- 
dian Reservation... .S.  20° -24°  W. 
Pelican  lake,  mostly  in  Ts.  64 

and  65,  R.  20,  four  localities 

S.24°-3e°  w. 

Elbow  lake,  T.  64,  R.  18,  two 

localities.  -S.  2H°  W.and  S.  28°  W. 
Trout  lake,  north  of  Vermilion 

lake,  two  localities 

S.  16°  W.  and  S.  36°  W. 

Summit  of  the  Giant's  range  at 

Hinsdale S.  22°  W. 

Sec.  32,  T.  60, R.  13,  about.. S.  S.  W. 
bee.  35.  T.  61,  R.  12,  south  of 

Birch  lake,  about. . .  S.  I2°-30°  W. 
Sec.  10,  T.  64,  R.  8,  south  of  En- 
sign lake S.  24°  W. 


Sec  27,  T.  64,  R.  8,  northeast 

end  of  Disappointment  lake.. 

S.34°  W. 

Sec.  36,  T.  62.  R.  8,  south  of  lake 

Isabelle S.  24°W. 

Sec.  15,  T.  59,  R.  6,  southwest  of 

Crooked  lake S.  6°  W. 

Ebo«  notes  by  De.  U.  S.  Qbant, 


N.  W.iof  sec.  27,T.65.  R.  2  W., 

north  shore  of  lake  Louise. . . 

S.  16°W. 

S.  E.  i  of  sec.  28,  T.  65,  R.  2 

W.,  north  shore  of  lake  Emma 

S    7°  W. 

K.  W.  i  of    sec  35,  T.  65,  R.  2 

W.,  north   shore  of  No-aame 

lake - S.  2°  W. 

S.  W.  i,  sec.  10,  T.  63,   R,  3  W., 

reef  InBrulf  lake S.  18°  W. 

S.  E.  I,  sec.  20.  T.  65,  R.  4,  north 

shore  of  a  small  lake S.  4°  E. 

N.  W.  i.  sec.  13.T.  61,  R.  a.S.28°W. 
K.  Ei  *,  sec.  3,  T.  65,  E.  6,  on  ao 

island S.50°  W. 

K.  E.  1,  sec  7,  T.  65,  R.  6,  Island 

In  Amoeba  lake S.  30°  W. 

S.  W.  1,  sec  35,  T.  66,  R.  6,  north 

end  of  Island  In  lake  Avls.S.  30°W. 

From  notes  by  Piiof.  G.  E.  Cui/- 

VER.   1893. 
Pokegama     falls, 
river 

Prairie  river.lower  falls. S.  4''-10°  E. 
On  tne  Bow  String  river(Big  fork 

of  Rainy  river): 

First  rock  outcrop  observed  In 
descending  this  stream.. .S.  5°  E., 
and  nearly  due  E.  [more  prob- 
ably W.] 

''Another  exposure  of  diorlte 
some  five  miles  down  the 
Stream" . . .  S.  10"  E.  [or  N.  70°  W.] 

Foot  of  Rice  River  rapids,  on 
the  "upper  exposure  of  green- 
stone"  S.35°E.; 

and  on  its  second  exposure.. 
S.  65°E.  [prN.65°W.] 

A  few  miles  below  the  last  . . . 
....S.  70°-80°E.  [or  N.  70°-80°  W.l 

A  short  distance  farther  down 
the  river    S.  70°  E.  [or  N.  70°  W.] 

About  halfway  between  the 
mouths  of  Rice  and  Deer  rivers 
. .  ,S.  70°-80°  B.  [or  N.  70°-80°  W.] 

An  eighth  of  a  mile  above  the 
Little  falls S.2°E. 

Little  falls S.  2°-8°  E. 
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Bock  gorge  ot  river,  i  mile  long, 
eetlmaied  12  miles  below  the 
Little  falls 

. . .  -S.  58P-l(f  E.  [or  N.  58=-70°  W.I 

Big  falls S.  80°  E.  [orN.80°  W.J 

H  miles  below  tbe  mouth  of 
Sturgeon  river  (which  comes 
■In  Trom  the  west  5  miles  be- 
low the  Big  falls)  S.  2*°  E. 

About  12  miles  helow  the  Big 
fai!9.S.  SS^-e?"  E.  [or  W.  58'=-e2' W.] 

About  25  miles  below  the  Big 
falls,  on  the  lowest  roclt  out- 
crop observed  on  the  Ble 
fork S.  H°W. 

Little  fork  of  Rainy  river,  4 
miles  from  its  mouth... S.  50°  W. 

Rainy  river,  2t  miles  below  Ft. 
Francis S.  40°  W. 

do.,  H  miles  helow  Ft.  Francis, 
also S.40"W. 

.Near  the  head  ot  Black  bey  of 
■  Rainy  lake S.  s-.i°  W, 

West  end  of  Natnekan  lake.  S.4C=  W- 

Sand  Points  lake.IO  miles  from 
the  mouth  of  the  Vermilion 
river S.  22=  W. 

Feom  notes  by  Mk.  W.  H.  C. 
Smith,* 

Near  Sand  Points  lake.  ...S.  28  °W. 

Knife  and  Carp  lakes.. S.  ]0°-38°W., 
averaKlng  about S.  23°  W. 

Otter  Track  (Cypress)  lake  and 
Cache  hay  at  west  end  of  Sag- 

anagalake S.  10°-28°  W.; 

most  commonly  about.  .5.20°  W. 

Extreme  limits  of  all  the  ob- 
servations o(  glacial  itri£  on 

Hunters'  Island 

S.  2°  W.  and  S.  43°  W., 

with  average  general  direc- 
tion about S.20°W. 


Fromnotes  by  Dr.  A.  C.  LAWsoN.t 
Rainy  lake,  east  arm  (upon  the 
International  boundary),from 

Its  east-southeast  extremity 
to  Bruie  Narrows,  tweniy- 
four  localities S.  28°-73°  W. 

do..  East  arm,  from  Brul<5  Nar- 
rows and  the  Seine  river  to 
tbe  mouth  ot  the  lake,  forty 
localities S.  28°-6I°W. 

Canadian  portions  of  Rainy 
lake,  with  Its  many  bays  and 
several  canoe  routes  north- 
ward, 137  other  recorded  It>- 
oalites S.18°-63°W. 


Rainy  river,  island  four  miles 
above  the  Manltou  raplds.S.  38°  W. 

do.,  one  mile  below  the  Long 
Sault,  and  at  tbe  Brst  and 
second  rapids  of  Flue  river, 
three  localities,  alike. ...S.24°W. 

do.,  one  mile  above  tbe  mouth 
of  Rapid  river S.  SS^W. 


Around  the  Lake  of  the  Woods, 
observations  In  about  180  lo- 
calities by  Dr.  Lawson  and 
assistants,  and  In  about  60  lo- 
calities reported  by  Dr.  Daw- 
son, "the  great  majority",  1.  e.. 

82  percent S.  35°-55°  W.; 

but  13  per  cent.  are.  .S.  10°-34°  W.; 
and  5  percent,  are..  .S.  66°-83°  W. 
Only  four  localities  showed  cours- 
es more  westerly  than  S  ^°  W.,  as 
follows: 

On  the  southeast  side  of  BIk 
Island,  strlic  bearing. . .  .S  75°  W. 
Intersect  others  t>earlng.S.37°  W. 
On  the  west  side  of  Bigsby  Is- 
land, which,  like  the  preced- 
ing, lies  near  the  middte  of 
Sand  Hill  lake  (the  southern 
and  largest  part  of  the  Lake 
of  the  Woodsi,  double  sets  of 
striae  were  observed   in  two 

places,  respectively 

if.  80°  W.  and  S.  20°  W. 

and N.83°  W.  and  S.  33°  W. 

On  a  point  projecting  from  the 
Minnesota  shore  In  the  south- 
western part  of    this    Sand 

Hill  lake,  strlu3  bear 

S.  70°  W.  and65°VV., 

with  others. . .  .S.  36°  and  33°  W.; 
also S.  10°  E. 

Notes  by  Warren  Upham,  1883, 
Vermilion   lake,  west  part  of 

Pine  Island,  S.  W.  i,  sec.  34, 

T.  63,  a.  16,  three  places 

8.15°-E0°W. 

Tower,  near  the  school   house. 

mostly S.  10°  W. 

with  variation  to.  .S.  and  S.  S.  W. 
A  half  mile  southwest  of  Tower 

...S.  5°and  15°  E.,  and  S.  10°  W. 

On  the  south  ridge, close  to  Tower: 

At  Lee's  mine,  about S.  15°  W. 

Southeast  summit,  also  about. . 

S.  15°  W. 

"  Qeol,  aad 


•"Bsport  on  the  Oeologv  of   HunWra'  Island   and    adjacent  country."  Oi 
Nat.  Hist.  Survey  ot  C&nada,  Annual  Report,  aev  serlea,  vol.  v,  for  im-'UI. 

tOeol.  and  Nat.  Hlat.  Soivey  ot  Canada,  Annual  Report,  vol.  III.  tor  1S9T-'8B. 

IGeol.  and  Nat.  Hint.  Survey  ot  Canadu,  Annual  Report,  new  series,  ^-o1. 1,  tor  1BXS. 

■Report  on  th«  Qeology  itnd  Be»ourccs  ot  tho  RbeIod  In  the  Vlclnltv  ot  the  Fony- 
nlath  Parallel.  Irom  tbe  Lakeot  the  Woods  to  the  Rooky  Mountains,  isfs. 
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Southwestern  slope  of  this  hill, 
severalp laces,  about  100  feet 
above  Tower..  Due  S,-S.  15"  W., 
with  rare  deflected  strlse.  S.  10°  E, 

Greenstone  knoll,  i  mile  north- 
east of  Tower  Junction,  be- 
side braoch  railroad  w  Sou- 
dan, mostly S.-S.  5°  W.; 

with  other  courses 

S.  IB^E^S.  20°W.,andS.  35°  W. 

Soudan,  street  car  depot 

8.  lO^-lS"  W. 

do.,  southwest  edge  of  vlllajfe 
S.  30°  W. 

North  ridge,  close  to  Soudan,  i 
mile  west  of  summit  and  30 

feet  lower £.  20°  aud  30°  W. 

also,  a  few  striss S. 

do.,  at  west  end  of  the  old 
open  mine S.  15°  W. 

Jasper  peak,  three  places  near 
top.  each  baring  two  sets  of 

Strtffi 

..S.  lO^-lS"  W.,  and  S.  30°-35°  W. 

Elj,  many  places  on  top  of  hill 
in  village,  two  slightly  vary- 
ing  sets   (the   second    most 

abundant) 

.  ..S.  20°-25°  W.,  and  S.  3CI°-35°  W. 

do.,  i  mile  farther  east,  two 
courses,  both  plentiful,  Inter- 
secting  

. . .  .S.  15-20°  W.,  and  S.  45°-60°  W. 

BInsdale,  close  west  of  D.  Sc  I. 

R.  railroad,  several  places 

. .  .S.  10°-20°  W.,  and  S.  as^-SOO  W. 

do.,  above  the  old  quarry, 
serenil  places S.  i5°-20°  W. 

Nearly  one  mile  northwest  of 
Allen  Junction,  many  striae 

in  two  sets,  Intersecting 

S.  35°  W.,aodS.  50°  W. 

Allen  Junction,  two  places, 
abundant S.  45°-60°  W. 

About  two  miles  southeast  from 
last..... S,30°-35°  W. 

Close  west  of  railroad  1  mile 
■     south  of  Little  Cloquet  river 
bridge S.35°W. 

Kock  cut  50  rods  long,  i  mile 
north  (if  Two  Harbors,  nine 

places,  mostly N.  80°  W,; 

with  variations  to 

W.  and  N.  70°  W. 

T(ip  of  hill  In  S.  E.  i  of  sec.  27, 
T.  53,  R.  11,  U  miles  west  of 
the  last,  at  higbt  of  about  500 
Teet  above  lake  Superior,  N.75°  W. 

Lighthouse  point,  i  mile  st>uth- 
east  of  Two  Harbors  village, 

two  places 

.  ..N.  55°  W.,  and  (mostly)  due  W. 

Lester  Park,  at  east  side  of 
mouth  of  Letiter  river,  three 
places,  mostly S.  50°-60°W  ; 


also  on  same  rock  surfaces... 
.  .S.  70°  W.,  due  W..  and  S.  30°  W. 

The  magnetic  needle  is  deflected 
here  to  the  N.  E.  and  E.  N.  E.,  but 
these  be-arlngs  were  determined  by 
comparison  with  the  trend  of  the 
nortn  coast  of  lake  Superior,  and 
with  the  direction  to  elevators  in 
Duluth,  a  to  7  mites  distant.  AU 
thefollowlngobservatlonsof  glacial 
striae  In  and  near  Duluth  likewise 
depend  not  only  on  compass  read- 
ings (corrected  for  average  mag- 
netic variation,  about  10°  east  of 
north),  but  also  on  the  simultane- 
ously observed  courses  to  prominent 
buildings  or  land  marks  or  to  the 
sun.  The  needle  lu  numerous 
places  varied  10°  to  60°  or  more  and 
occasionally  even  180°  (pointing  to 
the  south  instead  of  north),  on  ac- . 
count  of  the  Influence  of  the  m^- 
uetlle-bearing  gabbroof  this  area. 
In  many  other  places,  however,  the 
magnetic  courses  were  nearly  cor- 
rect. 

In  Daluth  a»d  il3  mdnity  (with  fig- 
ures In  parentheses  noting  the  ap- 
proximate bights  in  feet  above  lake 
Superior  j: 

East  Superior  street,  east  end  of 
rock  cut  (200),  about  i  mile 
northeast  from  the  Endion 
school  house  (which  is  at  180 

feet) S.75°W. 

Crest  of  this  cut  (260) P.  70°  W. 

i  mile  N.  E.  from  Endion  school 
house (226). S.  85"  W. and  S.  40°  E.; 
both  courses  being  represent- 
ed by  long  and  deep,  clearly 
glacial  furrows  on  a  somewhat 
weathered  rock  surface. 
20  rods  north  of  this  school 
house,  at  a  bight  of  nearlySO 
feet  ahove  It  (225).  .S,  70°  W., 
.  .8.  85°  W.,  due  W.,  and  N.  65°  W. 

A  few  feet  west  of  last  {'i2o) 

S.  80°  W.  and  S.  ar  W. 

Again,  about  5  feet  farther  west 

N.  50°,  55°,  and  60°  W. 

50  feet  west  of  last,  on  a  grand- 
ly furrowed    surface  20  feet 

long  (225) S.75°-i!5°  W.; 

with  broad  glacial  grooves  i 
to  i  Inch  deep,  from  which 
any  intersecting  finer  striae 
that  may  once  have  existed 
are  loi^t  by  weatberlna. 
About  15  rods  N.  N.  W.  from 
the  EndioQ  school  house  (200). 
in  two  places,  mostIy.S.80°-85°W.; 

also,  on  the  same  surfaces 

N.  80°-85°W. 
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On  Woodland  RveQue  (490),  about 
i  mile  south  of  the  Hard; 
actaool  house  (which  Is  at  610 
feet). W. 

Near  Buena  Vista  street  (460), 
t  mile  east  of  the  great  bead 
ot  Chester  creek S.  76°  W. 

U  miles  W.  S.  W.  ol  the  EndloD 
school  house,  near  Brewer; 
creek  (426),  about  30  rods  east 
of  PiwiiuoDt  avenue  bridge.. 
Ses'^w. 

15  rods  west  from  the  last,  oh 

,  kdgeslQ  the  bed  of  this  brook 
(425).W.,K.80°W..andS.80°-85''W. 

AlMUt  6  rods  S. W.  from  the  last, 
at  a  small  quarry  (460). .  N.  85"  W. 

HxteDsife  smooth  ledges  i  mile 
S.  S.  E.  from  the  last  i42i>), 
mostly  effaced  by  weathering 
N.  85<^  W.,  due  W.,  and  S.  80"  W. 

Theoce,  on  continuation  of  these 
ledges  i  mile  southward  (400-325), 
distinct  glacial  striie  were  seen  in 
many  places,  occasionally  accom- 
panied with  large  "chatter 
marks"  which  are  convex  east- 
ward, respectively  In  order  from 
north  to  south:  (I)  W.;  (2)N.  15° 
and  85  °Vf.;  (3)  N.  80°  W..  crossed 
by  others  hearings.  20°  W.,which 
curve  within  an  extent  of  four 
feet  to  a  course  due  S.;  {4i  S.  50° 
W.;  (B)  N.  80°  W.;  (8)  W.,  S.  W., 
S.,  and  S.  £.,  all  clearly  glacial 
and  crossing  on  the  same  surface; 
(7)  S.  70°  w!;  (8)  N.  80°  W.,  S.  70^ 
W..  S.  60°  W.,  8. 50°  W.  and  curv- 
ing in  two  feet  to  S.  30°  W..  with 
others  S.  30°  W.  and  curving  in 
six  Inches  to  S.  10°  W.,  all  on  a 
apace  ot  about  four  feet  square, 
intercrossed;  (9)  S.  70°  W.,  many 
parallel  stride,  crossed  by  a  few 
others,  N.  80°  W.;  (10)  S.  70°  W., 
S.  W.  (many),  and  S.  30°  E.,  the 
last  being  surely  glacial  and  ex- 
tending straight  3  to  4  feet. 
[This  tract  Is  aixiut  i  tol  mile 
H.  N.  W.  of  the  High  School 
building  (which  is  at  las  feet),] 

On  the  Boulevard  near  Third 
and  Fourth  avenues  W.  {i 
mile  S.  ff.  from  the  forego- 
ing) and  thence  southwest- 
erly to  the  Seventh  avenue 
inclined  railway,  strlEe  plenti- 
ful In  many  places  (all  about 

475  feet) S.  50°-eo°  W.. 

with   occasional    deflections 
to 8.76°  W.  and  S.  30°-W. 

On  and  near  the  Boulevard  for 
a  half  mile  southwest  from 
the  inclined  railway,  several 


places  (all    about  475  feet), 

mostly S.  50°-60^  W., 

with  deflections  to 

.  .S.  70°  W.,  S.  85°  W.,  and  due  W. 
Above  the  Boulevard  i  to  (  mile 
N.  E.  from  the  inclined  rail- 
way, many  places  (S25-5501. . . 

S.70°--8O°W. 

30  rods  W.  (655)  from  the  top  of 
this  railway  [which  is  at  536 

feet).... S.  e5°W. 

About  15  rods  S.  W.  (575)  from 

the  last.  .S.  80°  W.  and  N.  80°  W. 
About  60  rods  W.  (590)  from  the 
top  of  the  Inclined  railway  . . 

S.80°  W, 

i  mile  N.  W.  from  this  railway 

(690-600)     S.85°  W.-W. 

t  to  1  mile  N.  W.  from  the  rail- 
way, three  places  (about  600 

feet),  sncceswvely 

(l)N.76°-80°  W.;  (2)  H.  75°  W.; 
(3)  N.  85°  W. 
1  mile  farther  N.W.,  nearHigb- 

land  Park  village  (676).  N.  75°  W. 
Piedmont  avenue,  between 
Seventh  and  Eighth  streets 
(375),  extensive  rock  expos- 
ures, with  very  distinct  gla- 
etation  in  many  places,  all... 

S.65°-70°W. 

About  i  mile  west  of  last,  close 
below  the  Boulevard,  on  large 
outcrops  (425),  strliB  remain- 
ing in  many  places 

S.  80°,  85°,  7(P  and  (rarely)80°  W., 
crossed  lu  one  place  by  strife 
S.  20°  E,,  whicli  curve  with- 
in 18  inches  to  S.  10°  E. 
It  la  noteworthy  that  such  curv- 
ing strife,  seen  elsewhere  in  twenty 
§  laces  or  more,  are  In  all  coses  de- 
ected  to  more  southward  courses, 
when  traced  forward  as  the  Ice  cur- 
rents moved.    At  this  locality  the 
curving  marks  are  rather  broad  and 
deep  gouges,  far  more  so  than  any 
of  the  prevailing  W.  S.  W,  Strlee. 
Fifth  avenue  W.  tat  hight  of 
atiout  3O0  feet),  20  rods  west 
at  the  Institute  of  the  Sacred 

Heart,  mostly S.  65°-65°  W.; 

crossed  by  a  few  deep  glacial 

fj^rowa S.  25°  W. 

Lake  shore,  10  to  IS  rods  N.  E. 
from  mouth  of  Chester  creek, 
strife  most  abundant. .  -S.  60°  W.; 
also  common,  S.  60°  W.;  with 

a  few  deflections  to 

S.  30°  W.  and  S.  70°  W. 

Lake  shore,  about  30  rods  S.  W. 

from  Chester  creek 

S.  40°  W.,  S.  55°  W.  and  S.  70°  W. 
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Superior  street  i  mile  N.  K 
from  the  citj  hall  and  public 
library  (40),   several   places, 

mostly S.  60°  W. 

with  others ' 

S.  45°  W.,  and  S.  10°-80°  W. 

Utcbit^aD  street,  near  Twelfth 
aveoue  W.  (50) S.  45°  W. 

do.,  betweea  Fourteenth    and 

Flfteeoth  avenues  i25) 

S.  56°-60°  W. 

do,  within  i  mile  S.  W.  from 
the  last  (at  hlght  of  20-30  feet) 
to  Oarfleld  avenue  (which 
leads  over  Rice's  point  to 
West  Superior),  mostly. S.  40°  W. 

but  Intersected  by 

S.  66°  W.  and  due  W. 

In  Wett  mavtk. 

At  quarry  about  i  mile  N.  E. 
from  the  Longfellow  school 
house  (75) S.  70°W. 

10  rods  W.  of  last  (100) 

fi.  66°- 70°  W. 

About  IB  rods  farther  W.  N.  W. 
(100) S.68=  W. 

imile  north  of  the  foreiroing, 
on  the  D.,  M.  &  H.  railway 
near  Fourth  avenue  W.  (175) 
S.75''-80°W. 

16  rods  E.  of  last,  at  the  inter- 
section of  this  railway  and 
State  street  (175). .  .N.  80°-85°  W. 

In  Carlton  and  its  vicinity. 
Thomson,  15-20  rods  S.  E.  of 

the  depot N.60°  W. 

3  to  6  rods  east  of  the  last 

N.52°-55<' W. 

About    10   rods   west  of   the 

Thomson  dam N.  70°  W. 

Beside  the  St.  P.  &  D.  railroad 

i  mile  west  of  St.  Louis  river, 
cmostly N.  70°  W. 

Intersected  by 

N.  65°-90°  W.  and  H.  80°  W. 

About  16  n^s  west  of  the  last, 

mostly ■N.80°W.; 

wltb  others,  equally  distinct, 

croGsinffon  the  same  surface 

.  .S.  6(P  W.,  S.  35°  W„  S.  10°  W., 
8.  20°E.  andS.  30°  E. 
Northeast  edge  of  Carlton  vll-  • 

I  age,   on    street    leading   to 

Thomson N.  S0°  W. 


The  very  prominent  and  plenti- 
ful slate  outcrops  at  and  near  Carl- 
ton, and  northward  to  Cloquet, 
have  almost  completely  lust  their 
glacial  marks  by  weathering.  Id 
searching  several  hours,  both  at 
Carlton  and  Cloquet,  I  was  unable 
to  find  any  striie  surely  referable  to 
glaclatlon. 

Close  north  of  the  N.  P.  rail- 
road about  1  mile  west  of 
Carlton,  a  few  glacial  stri^ . . 

S.  50°,  55°  and  65°  W. 

Within  11  miles  southeastward 
from  Carlton  the  N .  P.  railroad  has 
five  iDCk  cuts,  at  four  of  which  1 
searched  In  vain  for  glacial  marks. 
The  fifth  cut,  however,  about  30 
rods  long  and  15  feet  deep,  U  miles 
from  Carlton,  shows  on  the  recently 
uncovered  slate  of  Its  edges  at  each 
side  of  the  railroad  very  Interesilng 
glacial  striaj,  as  follows: 
On  the  southwest  side,  near  the 

northwest  end  of  the  cut 

N.65°W.,  andN.  45°  W. 

Two  rods  S.  E.  from  the  last. 

plentiful  strlffi N.45°W. 

Again,  two  rods  farther  S.E.. 

abundant S.  80°  W. 

Intersected  by 

.  ,S.  16°  W.,  due  S  ,  and  S.  46°  E., 
each  of  these  courses  being 
represented   by  only  two  or 
three  glacial  gouges. 
About  tnree  rods  »rther  S.  E., 

maoy  very  clear  strlse due  W, 

25  feet  onward  S.  E. .  .S.  85°  W., 
and  partly  S.  H0°  W.  and  due  W. 
The  same  westward  strtatlon  is 
also  well  shown  on  this  southwest 
side  of  the  cut  in  other  places  with- 
in two  rods  southeastward. 
On  the  northeast  side,  at  the 
crest  of  the  cut,  about  10  rods 
S.  E.  from  the  last,  plentiful 

K.80°W.; 

crossed  by  shortglacial gouges 

S.,S.  20°E.,  and  S.  46°  E. 

These  cross  markings  are  two  to 
six  inches  long,  numerous. 
About  25  feet  H.  W.  from  the 
last,  the  well  preserved  main 

strlation  is W.-S.  85°  W; 

crossed  by  a  few  shortglacial 
marks S.  20°E.,  andS.  45°E. 
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Deflection*  of  Qladal  Cfurrents. 

During  the  time  of  mazimum  extent  and  thickness  of  the  ice- 
sheet',  its  currents  doubtless  flowed  southward  upon  all  the 
northern  part  of  Minnesota,  but  with  considerable  variation 
on  one  side  to  the  west  and  on  the  other  to  the  east  of  due 
south.  In  the  region  bordering  lake  Superior,  and  thence 
south  and  southwest  to  the  Mississippi,  the  currents  were 
turned  southwesterly,  for  the  driftless  area  of  Wisconsin, 
whose  margin  extends  also  into  southeastern  Minnesota,  indi- 
cates that  the  glacial  outflow  from  the  western  part  of  the  lake 
Superior  basin  moved  ia  a  curving  course  successively  to  the 
southwest,  south,  and  east  of  south,  in  its  passage  through 
Minnesota.  Uniting  with  this  flow  the  more  western  part  of 
the  ice-sheet  above  the  Manitoba  lake  region  and  the  Red  river 
valley  moved  nearly  due  south  as  the  axial  portion  of  the  great 
ice-lobe  which  stretched  across  Minnesota  and  Iowa,  becoming 
at  the  culmication  of  the  Glacial  period  confluent  south  of  the 
driftless  area  with  the  ice  that  moved  southwestward  from  the 
region  of  lakes  Michigan,  Huron,  and  Brie.  During  the  depar- 
ture of  the  ice-sheet,  however,  when  its  latest  currents  were 
recorded  by  the  strise  which  remain  for  our  inspection,  the  in- 
equalities in  the  rates  of  melting  of  different  portions  of  the 
retreating  ice  border  shaped  it  often  into  minor  lobes  and  deep 
embayments.  very  unlike  its  outlines  at  the  time  of  greatest 
extent,  and  continually  changing  in  form  as  the  process  of  the 
melting  and  recession  pushed  the  ice  boundary  back.  In  gen- 
eral this  retreat  was  from  south  to  north,  but  the  courses  of 
the  moraine  belts  show  that  on  some  tracts  it  was  from  west 
to  east,  and  less  frequently,  at  least  in  this  state,  from  east  to 
west  Everywhere  the  outermost  few  miles  of  the  vanishing 
ice-sheet  had  its  currents  turned  strongly  toward  its  boundary, 
since  on  that  side  there  was  a  steep  slope  of  the  ice  surface. 

In  the  vicinity  of  .Duluth,  where  the  foregoing  notes  show  an 
unsurpassed  complexity  of  divergent  and  intersecting  glacial 
striee,  we  may  generally  refer  the  courses  between  S.  30°  W. 
and  S.  60"  W.,  inclusive,  to  the  main  current  of  the  ice-sheet 
here  previous  to  any  great  deflections  by  the  irregularities  of 
the  final  melting.  Occasionally,  however,  local  southward  de- 
flections were  doubtless  of  much  later  date,  being  due  to  inden- 
tations of  perhaps  only  a  few  rods  extent  in  the  retreating  ice 
border.  The  more  common  directions,  ranging  from  S.  70°  W. 
to  W.  and  N.  80°-70°  W.,  belong  to  the  time  of  glacial  recession 
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and  imply  that  the  withdrawal  of  the  ice  boundary  here  was 
from  west  to  east. 

Similar  westward  deflections  of  the  glaeial  currents  crossing 
the  shores  and  islands  of  the  Lake  of  the  Woods  and  on  the 
Big  fork  of  Rainy  river  are  likewise  referable  to  the  closing 
stages  of  the  giaciation.  When  the  ice  was  thickest  and  dur- 
ing its  retreat  nearly  to  this  region,  the  currents  of  ice  flow 
from  the  area  of  Paleozoic  limestones  west  of  the  Lake  of  the 
Woods  and  lake  Winnipeg  passed  south  and  southeast,  carrying 
their  limestone  drift  to  the  mouth  of  Rainy  lake  and  the  basin 
of  the  Big  fork,  becoming  there  or  close  eastward  confluent 
with  the  ice  flow  from  the  north  and  northeast,  which  over- 
spread all  of  the  country  north  of  lake  Superior.  But  during 
the  recession  of  the  ice  the  laving  action  of  lake  Agassiz  ap- 
pears to  have  caused  exceptionally  rapid  melting  along  the 
Red  river  valley  and  upon  the  whole  area  covered  by  this  gla- 
cial lake  east  to  the  Big  fork,  so  that  the  ice  currents  there 
wete  shifted  fronj  southeastward  to  westward  and  even  north- 
westward courses,  being  turned  toward  the  open  and  lower 
lake  expanse.  In  a  former  report,*  I  supposed  these  striee  on 
the  Big  fork  to  represent  an  increasing  eastward  deflection  of 
the  previous  southeasterly  current;  but  it  now  seems  to  me  more 
reasonable,  from  consideration  of  the  courses  of  morunes  and 
of  the  extent  of  lake  Agassiz  in  northern  Minnesota,  to  attrib- 
ute their  deflection  to  the  somewhat  earlier  melting  of  the  ice 
from  the  part  of  the  lake  Agassiz  area  crossed  by  the  Rainy 
river  than  from  the  upper  part  of  the  Big  fork  basin,  whereby 
the  latest  ice  currents  on  the  Deer  river  and  contiguous  parts 
of  the  Big  fork  were  almost  reversed  from  their  former  direc- 
tion. 

The  changes  in  the  directions  of  the  ice-flow  near  Duluth 
were  more  remarkable  in  their  abundant  evidence  by  glacial 
strisB  thau  I  have  anywhere  else  found;  but  observations  com- 
parable with  these  were  recorded  on  the  quartzyte  ridge  in 
Oottonwood  county,  southwestern  Minnesota,!  aiid  I  have  seen 
almost  equally  interesting  and  plentiful  deflected  glacial  striee 
in  Somerville,  Mass-t  It  is  also  to  be  noted  that  the  overlap- 
ping of  northeastern  drift  by  northwestern  drift  in  Wright 
county,  Minnesota,  and  thence  eastward  to  the  St  Croix  river 

•Oeol.  and  Nat.  HOt.Surv.ot  Canada,  AnDOftl  Bopon,  new  aerlea,  vol.  I»,  for  1886-80. 
pp.  IIB,  ISOE. 
+GBology  of  Minnesota  (Final  Report),  Tol.l.  pp.  SCS-SOS. 
tProo..  Boston  Society  of  Natural  History,  vol.  xJiv!,  pp.S3-JS.  Marob  IB,  19W. 
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on  the  boundary  of  Wisconsin.^  proves  for  that  large  district 
during  the  closing  stages  of  the  Glacial  period  a  reversal  of  the 
direction  of  glacial  currents  far  more  extended  in  space  and 
time  and  more  important  in  their  deposition  of  drift  than  in 
the  Big  fork  district. 

TILL. 

Unstratified  glacial  drift,  called  till,  or  twutder-clay,  which 
was  laid  down  directly  by  the  ice- sheet  without  modification 
by  water  transportation,  assorting,  and  deposition  in  beds,  occu- 
pies probably  two- thirds,  or  a  larger  part,  of  northeastern  Min- 
nesota. It  consists  of  boulders,  gravel,  sand  and  clay,  mingled 
■  indiscriminately  together  in  a  very  hard  and  compact  forma- 
tion, which  therefore  is  frequently  called  "hardpan."  In  this 
part  of  the  state,  the  boulders  of  the  till  are  usually  so  plenti- 
ful that  they  are  sprinkled  somewhat  numerously  on  its  sur- 
^face;  yet  there  are  seldom  more,  on  the  large  portions  of  the 
country  which  are  adapted  for  agricnlture,  than  the  farmer 
needs  to  use,  after  clearing  them  from  his  fields,  for  the  found- 
ations of  buildings  and  for  walling  up  his  cellar  and  welL 
They  are  rarely  abundant  enough  to  make  walls  for  the  en- 
closure of  the  fields,  as  in  New  England. 

Three  kinds  of  till  occur  in  this  region,  each  being  mainly 
restricted  to  its  distinct  geographic  limits;  but  on  the  belts 
containing  their  general  boundaries,  there  is  often  an  over- 
lapping of  one  on  another,  or  successive  alternations  of  two 
interbedded.  Adjoining  portions  of  the  ice-sheet  have  won 
and  lost  once  or  repeatedly  in  pushing  against  each  other. 

1.  On  the  west,  the  till  brought  by  the  southward  and  south- 
eastward glacial  currents  contains  plentiful  boulders,  not  only 
of  Archean  and  Taconic  rocks,  but  also  of  the  Paleozoic 
magnesian  limestones  which  are  the  bed-rocks  of  a  large  part 
of  Manitoba. 

2.  Over  the  greater  part  of  the  country  eastward  from  the 
Big  fork,  and  from  Winnebagoshish  and  Leech  lakes,  the  till 
was  derived  from  the  north  and  northeast  and  contains  still 
more  plentiful  Archean  and  Tficonic  boulders,  as  granites, 
gneiss,  schists,  gabbro,  quartzyte,  slat«,  etc.,  while  boulders  of 
limestone  are  exceedingly  rare  or  altogether  absent,  their  only 
source  being  Paleozoic  formations  in  the  basin  of  James  and 
Hudson  bays. 

r  1B83.  pp.  Ztl-ZU.    Oeologf  of 
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3.  The  third  kind  of  till  is  that  which  was  brought  by  the 
ice-flow  from  the  lake  Superior  basin.  It  is  characterized  by 
comparative  scantiness  in  the  supply  of  granite,  gneiss,  crys- 
talline schist  and  gabbro  boulders,  by  the  absence  of  limestone, 
and  by  the  large  proportion  of  fine  detritus  of  dull  reddish 
color  from  the  erosion  of  the  Cambrian  red  sandstones  and 
shales,  and  of  the  partly  sedimentary  and  partly  igneous  Ke- 
weenawan  series,  which  form  the  shores  and  bed  of  lake  Supe- 
rior. This  red  till,  with  few  boulders,  has  its  typical  develop- 
ment about  Duluth  and  Superior,  and  forms  the  flat  expanse 
which  gradually  rises  from  the  west  end  of  lake  Superior 
along  the  Nemadji  river  and  the  lower  part  of  the  St.  Louis 
river.  Thence,  with  alow  decrease  of  the  prevailing  deep  red- 
ness of  its  color,  it  extends  northward  to  Biwabik,  westward 
into  the  southeastern  part  of  Aitkin  county,  and  southward  to 
St.  Paul  and  Minneapolis,  though  on  a  large  region  from 
southern  Pine  county  nearly  to  St.  Paul,  it  is  covered,  as  was 
before  noticed,  by  overlapping  northwestern  till. 

Along  the  Duluth&  Iron  Range  railroad  from  Highland  station 
to  the  St.  Louis  river,  and  in  the  excavations  for  working  the 
Biwabik  iron  mine,  I  observed  many  very  interesting  sections 
of  alternating  and  often  interbedded  till  deposits  of  the  second 
and  third  kinds  here  described,  derived  respectively  from  the 
north  or  northeast  and  from  the  basin  of  lake  Superior  on  the  east. 
Plate  II  shows  four  of  these  sections.  Though  found  abundantly 
in  this  belt,  such  alternating  till  accumulations,  attributable  to 
changes  of  glacial  currents,  are  very  rare  in  most  drift-bearing 
regions.  They  here  belong  probably  to  the  time  of  the  final 
recession  of  the  icesheet,  when,  as  we  have  seen  by  the  de- 
flected courses  of  striation,  its  currents  were  far  more  liable  to 
changes  than  during  the  previous  time  of  greater  extent  and 
depth,  and  resulting  generally  steady  flow,  of  the  ice.  *rhese 
alternations  of  till  deposition  seem  to  me  well  accordant  with 
the  view  which  I  have  elsewhere  presented,"  that  the  drift 
during  its  transportation  was  englacial,  and  that  its  deposition, 
excepting  on  a  broad  marginal  portion  of  the  drift  sheet,  was 
chiefly  reserved  until  the  time  of  glacial  recession.  Much  of 
the  previously  englacial  drift  appears  then  to  have  become 
amassed  beneath  the  ice  as  a  ground  moraine  of  subglacial  till. 
Probably  in  these  sections  no  more  than  1  to  3  feet,  or  at  the 
most  5  to  10  feet,  in  the  latter  case  comprising  the  two  upper 
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layers  of  the  till,  can  have  remained  as  englacial  and  finally 
superglacial  drift  whea  the  ice  boundary  was  withdrawn  across 
this  area. 

RETBEATAL  MORAINES. 

Northeastern  Minnesota  is  crossed  by  several  belts  of  knoUy 
and  hilly  till,  with  far  more  abundant  boulders  than  are  found 
on  its  more  extensive  comparatively  smooth  tracts.  These 
belts  of  somewhat  thicker,  more  rocky,  and  prevailingly  ridged 
drift  were  accumulated  along  the  border  of  the  ice-sheet  dar- 
ing stages  of  halt  or  slight  reftdvance  interrupting  its  general 
retreat  at  the  close  of  the  Glacial  period.  Wherever  the 
vicissitades  of  the  wavering  climate  caused  the  chiefly  waning 
border  to  remain  nearly  stationary  during  several  years  the 
outflow  of  the  ice  to  its  melting  steep  frontal  slope  brought 
much  drift  which  had  been  englacial  and  on  account  of  the 
ablation  had  largely  become  superglacial,  being  exposed  on 
the  surface  of  the  departing  ice-sheet.  As  these  marginal  ac- 
cumulations of  drift  record  the  position  of  the  terminal  Hue  of 
the  ice-sheet  when  they  were  formed,  the  name  terminal  mor- 
aines has  been  usually  applied  to  them,  but  they  also  may  be 
called,  perhaps  more  properly,  retreatal  or  recessional  mo- 
raines. 

Pour  moi-aine  belts  have  l>een  traced  in  the  part  o£  Minne- 
sota northwest  of  lake  Superior,  and  another,  lying  next  souiti 
and  formed  before  any  considerable  part  of  the  area  of  this 
lake  was  uncovered  from  the  ice-sheet,  is  also  included  in  the 
following  descriptions.  In  their  order  from  south  to  north, 
these  are  the  Fergus  Falls,  I<eaf  Hills,  Itasca,  Mesabi,  and 
Vermilion  moraines,  being  the  eighth  to  the  twelfth  and  most 
northern  in  the  series  of  moraines  whose  courses  have  been 
mapped  in  this  state.  A  map  showing  these  moraines,  the  di- 
rections of  glacial  striee,  the  areal  distribution  of  the  glacial 
and  modified  drift,  and  the  extent  of  the  glacial  lake  Agassiz 
in  northern  Minnesota,  forms  Plate  I,  facing  page  16,  at  the 
beginning  of  this  chapter.* 

Fergus  Falls  Moraine. 

A  belt  of  morainic  drift,   chiefly  till  with  many  boulders, 

amassed  in  hills  and  irregular  ridges  50  to  100  feet  above  the 

>Od  a  smaller  bckIp.  the  courses  ol  the  mbralaes  and  otber  teatures  of  the  glacliil 
gefllogy  of  tbo  entire  state  of  Mlnaesota  are  mapped  la  WriRbt'a  "Ice  Age  In  North 
America."  I88B.  p.  MB.  The;  srcBhown  In  detail  for  the  Bouthern  halt  ot  the  »tBte  by 
the  maps  In  volumeB  I  and  II  of  the  Final  Report  ot  thl«  Survey,  M»ny  details  ot 
tbelr  mapping  and  correlation  througbout  the  northern  balF  of  Minnesota  remain 
yet  to  be  supplied. 
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intervening  hollows  and  frequent  lakelets,  enters  Aitkin  county 
at  the  northwest  side  of  Mille  Lacs.  Thence  it  extends  with  a 
width  of  five  to  ten  miles  northward  to  Cedar  lake  and  to  the 
lakes  surrounding  Deerwood  in  Crow  Wing  county,  having  in 
this  part  an  unusual  expansion  and  probably  marking  a  north- 
westwardly re-entrant  angle  of  the  ice-border.  Passing  from 
Farm  Island  and  Cedar  lakes  eastward,  the  moraine  has  a  width 
of  about  five  miles.  In  the  southern  part  of  this  billy  belt  lie 
Hanging  Kettle,  Diamond,  and  Mud  lakes,  the  northern  part  of 
Elm  Island  lake,  and  Cranberry.  Rabbit,  Long  and  Dam  lakes. 
At  the  northeast  comer  of  Kimberly  township  the  moraine  has 
a  fine  development  in  many  bouldery  hills  upon  a  width  of  two 
or  three  miles  next  northwest  and  north  of  Portage  lake,  being 
there  crossed  by  the  Northern  Pacific  railroad. 

If  my  correlation  is  correct,  the  vicinity  of  Portage  lake  be- 
longs to  a  second  re-entrant  angle,  with  its  apex  pointing 
northeastward,  from  which  the  moraine,  mostly  less  conspicu- 
ous, turns  back  and  passes  by  the  east  side  of  Dam  lake,  forms 
high  hills  south  of  Sugar  lake,  and  thence  approximately  coin- 
cides' with  the  eastern  watershed  of  Mille  Lacs,  until  in  the 
southern  edge  of  Aitkin  county  it  curves  around  to  an  east  and 
northeast  course,  passing  into  Pine  county  as  the  hilly  belt  en- 
closing the  Pine  lakes.  The  series  of  low  drift  hills  thus  traced 
is  provisionally  regarded,  in  the  descriptions  of  its  portions  in 
Crow  Wing  and  Pine  counties*,  as  the  continuation  of  the  Fer- 
gus Falls  moraine,  which  is  the  eighth  of  the  moraines  recog- 
nized and  mapped  in  their  geographic  and  chronologic  succes- 
sion, crossing  the  southern  and  western  part  of  Minnesota. 

In  northwestern  Pine  county  this  moraine  is  well  developed 
from  the  Pine  lakes  northeast  to  the  Kettle  river;  and  farther 
northeastward  I  believe  that  it  is  represented  by  a  belt  of 
somewhat  hilly  drift  extending  along  the  east  side  of  the  Moose 
Horn  river  in  southern  Carlton  county,  through  T.  46.  R.  19, 
and  into  Mahtowa  (T.  47,  R.  18);  but  thence  probably  it  turns 
back  from  a  re-entrant  angle  of  the  ice  front  and  runs  south- 
ward through  T.  46.  R.  18,  and  eastward  past  Oak  and  Net  lakes 
in  the  north  edge  of  Pine  county,  to  cross  the  stat«  line  nearly 
on  the  watershed  between  the  Nemadji  and  St.  Croix  basins. 
A  tract  of  moderately  hilly  till  which  I  observed  one  to  three 
miles  east  of  Barnum,  and  its  extension  southward  by  Bear, 
Hanging  Horns,  Moose  Horn,  Long,  and  Moose  lakes,  belong 
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to  this  looped  morainic  belt;  and  another  portioB,  coDSisting 
partially  of  till  with  a  somewhat  rolling  surface,  but  in  larger 
part  of  low  kamelike  accumulationB  of  sand  and  gravel,  is 
crossed  by  the  Great  Northern  railway  in  its  first  three  miles 
southwest  of  Holyoke. 

Soch  correlation  of  these  morainic  tracts  seeme  to  be  harmo- 
nious with  the  course  of  the  outer  moraines  in  northwestern 
Wisconsin  west  and  north  of  the  driftless  area,  as  mapped  by 
Chamberlln.f  It  also  accords  well  with  the  directions  of  gla- 
cial strife  found  very  abundant  and  distinct  on  thi)  plentiful 
rock  outcrops  In  the  vicinity  of  Carlton,  Thomson,  Duluth.  and 
Two  Harbors,  which,  as  before  noted,  run  prevailingly  west- 
south  westward,  but  in  very  many  places  also  display  wide  de- 
flections to  the  southwest  and  south  and  to  the  west  and  even 
north-northwest.  The  divergent  and  variable  glacial  currents 
by  which  these  strise  were  made  doubtless  belonged  mostly  to 
the  time  of  recession  of  the  ice  border  across  that  district.  We 
thus  learn  that  the  rapidly  wasting  ice  in  its  departure  from 
the  western  end  of  the  lake  Superior  basin  had  a  definitely 
lobate  front  similar  to  the  looped  course  assigned  to  this  mo- 
raine in  Aitkin,  Carlton,  and  Pine  counties.  Between  the 
times  of  formation  of  the  eighth  and  ninth  or  Fergus  Falls  and 
Leaf  Hills  moraines,  as  these  names  are  here  used,  the  area  of 
these  extraordinary  divergent  and  often  intersecting  striae  was 
uncovered  by  the  glacial  retreat. 

heaf  HilU  Moraine. 

The  next  halt  or  readvance  of  the  chiefly  receding  ice-border 
was  at  the  belt  of  prevailingly  knoUy  and  ridged  and  in  part 
prominently  hilly  drift,  with  many  boulders,  which  extends 
from  the  west  side  of  Gull  lake,  in  southern  Cass  county,  north- 
eastward past  White  Fish  lake  in  northwestern  Crow  Wing 
county,  and  qorth  of  lake  Washburn  in  eastern  Cass  county,  to 
Hill  or  Poquodenaw  lake  and  "mountain"  (an  especially  prom- 
inent morainic  hill  which  rises  about  250  feet  above  the  sur- 
rounding country),  in  northwestern  Aitkin  county.  This  t>elt 
Is  probably  the  representative  of  the  ninth  or  Leaf  Hills  mo- 
raine, which  in  Otter  Tail  county  is  partially  united  with  the 
Fergus  Falls  moraine,  the  two  together  making  the  conspicu- 
ous Leaf  hills  (or  "mountains,"  as  they  are  commonly  called), 
100  to  350  feet  high.  Beyond  Poquodenaw  the  moraine  has  a 
low  and  inconspicuous  development  east- northeasterly  to  the 
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Mississippi  river;  but  near  the  east  bank  of  the  river,  about  a 
mile  north  of  Aitkin  county,  it  a^ain  forms  a  high  hill,  known 
to  lumbermen  and  log-drivers  as  the  "Grub  Pile,"  in  the  south- 
east part  of  sec.  25,  T.  53,  R.  24,  rising  about  200  feet  above 
the  river- 
Prom  this  hill  as  the  apex  of  a  re-entrant  angle  of  the  ice- 
sheet,  the  moraine  turns  back  and  extendci  nearly  twenty  miles 
southward  to  Sandy  lake.  Along  the  first  six  mites  of  this 
course  it  is  mainly  covered  by  level  or  only  moderately  undu- 
lating stratified  drift,  but  in  the  south  edge  of  T.  52,  R.  23,  it 
rises  very  prominently  in  Bald  bluff,  close  east  of  the  Missis- 
sippi, and  in  a  series  of  irregular  hills  continuing  thence  east- 
ward through  the  south  part  of  sees.  33  and  34  of  this  township 
and  the  north  edge  of  sees.  4  and  3,  T.  51,  R.  23.  The  crests 
of  these  hills  are  150  to  200  feet  or  more  above  the  Mississippi, 
and  afTord  a  wide  view,  the  Poquodenaw  hill  being  visible 
about  fifteen  miles  distant  on  the  west,  and  the  hills  of  the 
tenth  or  Itasca  moraine,  bordering  Pokegama  lake,  twenty 
miles  away  at  the  northwest.  Moraine  hills  75  to  150  feet  high 
stretch  from  Bald  bluff  southward  along  the  east  side  of  the 
Mississippi  to  Sandy  lake.  Thence  this  belt,  lower  and  less 
distinct,  consisting  partly  of  kame-like  deposits  of  modified 
drift  and  partly  of  till,  curving  southeastward,  makes  the 
shores  and  islands  of  Sandy  lake  and  bounds  the  northeastern 
arm  of  Rice  lake,  beyond  which  it  passes  eastward  by  Round 
and  Big  Island  lakes  and  through  T.  49,  R.  22,  where  its  low 
swells,  hillocks,  and  ridges  project  only  20  to  40  feet  above  the 
many  tamarack  swamps. 

Eastward  from  Aitkin  county  this  moraine  is  narrowly  and 
scantily  developed  in  the  northwest  comer  of  Carlton  county, 
but  becomes  more  prominent  and  broader  in  the  vicinity  of 
Prairie  lake,  tieyond  which,  as  I  am  informed  by  Mr.  J.  E. 
Spurr,  its  hills  and  ridges  occupy  a  width  of  five 'to  six  miles 
along  the  south  side  of  the  St.  Louis  river  to  Stony  Brook 
and  Nagonab.  Curving  northward  beyond  the  St.  Louis,  it 
borders  both  sides  of  the  Cloquet  river  for  several  miles,  pass- 
ing northwest  of  Grand  lake.  The  same  belt  probably  contin- 
ues east- northeast  to  a  morainic  tract,  observed  by  Mr,  A  D. 
Meeds,  adjoining  the  Cloquet  river  and  Island  and  Boulder 
lakes  in  the  southern  third  of  T-  53,  R.  14,  and  to  the  narrow 
but  typically  hilly  moraine  which  is  crossed  by  the  Duluth  4 
Iron  Range  railroad  a  mile  north  of  Highland  station.  It  is 
supposed  to  reach  the  north  shore  of  lake  Superior  about  mid- 
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way  between  Duluth  and  Pigeon  point.  Its  course  beyond 
Highland  station,  however,  has  been  definitely  ascertained  for 
only  about  thirty  miles.  Along  this  extent,  passing  east- 
northeast  to  the  middle  of  the  east  ^ide  of  T.  57,  R.  8,  the 
moraine  has  been  mapped  by  Mr.  Arthur  H.  Elftman  in  his 
exploration  for  this  Survey  during  the  summer  and  autumn  of 
1893,  who  reports  it  admirably  represented  by  a  belt  of  very 
irregular  drift  hills  from  a  half  mile  to  two  miles  wide,  with 
summits  50  to  75  feet  ai>ove  the  land  on  each  side. 
Itasca  Moraine. 

!Bxt«nding  eastward  from  lake  Itasca,  this  tenth  moraine  at- 
tains a  grand  development  along  the  south  side  of  Leech  lake,-" 
being  there  about  ten  miles  wide.  In  the  southern  half  of  its 
width  it  encloses  Ten  Mile  and  Fourteen  Mile  lakeR,  and  Woman, 
Wabado  and  Little  Boy  lakes.  Thence  it  continues  east-nortli- 
easterly  across  Itasca  county,  where  its  abundant  knolls  and 
hillocks  of  drift,  as  described  by  Prof.  G.  E.  Culver  in  another 
part  of  this  report,  lie  on  the  northern  slope  of  a  high  Creta- 
ceous ridge  ia.T.  54,  B.  26,  cover  much  of  the  lower  country 
bordering  the  shores  of  Pokegama  lake  within  the  next  ten 
miles,  occupy  considerable  tracts  a  few  miles  north  and  east  of 
Grand  Rapids  (attaining  a  maximum  altitude  of  800  feet),  and 
reach  from  near  the  falls  of  the  Prairie  river  east- northeast 
past  the  Diamond  iron  mine  and  along  the  watershed  between 
the  Prairie  and  Swan  rivers  to  Hibbiug. 

Along  the  next  thirty  miles,  to  the  Embarras  lakes,  Mr. 
Spurr's  descriptions  and  mapping  indicate  that  the  Itasca  and 
Mesabi  moraines  are  united  in  a  belt  mostly  two  to  three  miles 
wide,  which  coincides  closely  with  the  granite  ridge  known  as 
the  Mesabi  or  Giant's  range.  East  of  the  gap  in  this  range 
through  which  the  Embarras  river  flows  (expanding  along  the 
greater  part  of  its  valley  in  a  series  of  beautiful  lakes),  both 
t^ese  moraines  veer  to  the  south  of  the  granite  ridge.  On  the 
Duluth  &  Iron  Range  railroad  the  exceedingly  knoUy  and  con- 
fusedly ridged  but  low  belt  of  the  Itasca  moraine,  strewn  with 
a  countless  profusion  of  boulders  of  all  sizes  up  to  ten  feet  in 
diameter,  is  crossed  from  about  a  half  mile  to  two  and  a  half 
miles  northwest  of  St.  Louis  River  station.  For  observation  of 
the  rough  contour  and  abundant  boulders  which  are  usually  the 
two  chief  characteristics  of  these  retreatal  moraines,  I  know  of 
no  other  more  impressive  view  than  is  seen  here  from  the  pass- 
ing train,  although  none  of  the  elevations  rise  more  than  50  or 
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75  feet  above  the  adjoining  tamarack  swamps  and  the  plentiful 
bowl-like  hollows  which  are  enclosed  by  the  morainic  accumu- 
lations. 

In  Lake  county  tHe  moraine  varies  from  one  to  two  or  three 
miles  in  width,  and  crosses  ranges  XI  to  VIII  (the  belt  of  Mr. 
Elftman's  exploration  in  1893)  along  the  line  dividing  Ts.  59 
and  60.  His  descriptions  show  that  the  moraine  along  this  ex- 
tent of  twenty-four  miles  is  typically  developed  in  very  irregu- 
lar low  hills  and  ridges,  mostly  between  50  and  75  feet  in  hight. 
Eight  to  ten  miles  farther  on,  taking  an  east-northeast  course, 
its  hills  of  drift,  heavily  covered  with  white  pine,  are  reported 
py  Mr.  H.  V.  Winchell  as  surrounding  lake  Harriet,  at  the  head 
of  the  Isabella  river,  with  ridges  of  very  abundant  boulders 
close  northward.  Its  course  thence  eastward  to  the  coast  of 
lake  Superior,  which  it  may  reach  in  the  vicinity  of  Grand 
Marais  or  near  the  month  of  Brul^  river,  has  not  l>eeQ  traced. 

Mesabi  THoraine. 
The  most  northwestern  of  the  morainic  tracts  in  Minnesota 
which  are  here  correlated  together  as  the  Mesabi  or  eleventh 
moraine  lies  between  the  south  and  north  divisions  of  Red  lake 
and  consists  of  a  high  till  ridge,  with  many  boulders,  some  two- 
miles  wide  and  extending  about  ten  miles  east  from  the  Nar- 
rows, with  a  continuous  altitude  150  to  200  feet  alx)ve  the  lake. 
Forty  to  fifty  miles  southeast  from  this  tract,  lower  drift  hills, 
referred  to  the  same  moraine,  border  the  north  side  of  lake 
Winnebagoshish,  and  reach  thence  southeastward  to  Deer  and 
Bass  lakes,  near  which  they  occasionally  rise  to  bights  of  about 
200  feet  above  the  general  level.  Along  a  distance  of  twenty 
miles  to  the  north  from  the  last  named  lakes.  Prof.  Culver  re- 
ports irregular  groups  and  abort  series  of  drift  hills,  mostly 
less  than  100  feet  high,  which  seem  to  represent  the  complex 
accumulations  of  a  re-entrant  angle  of  the  iee-border.  From 
Spider,  Trout  and  Wabano  lakes,  this  moraine  passes  eastward, 
and  appears  to  be  merged  with  the  Itasca  moraine  to  form  a 
compound  hilly  belt  along  the  Mesabi  range  from  close  north 
of  Hibbing  to  the  upper  Embarras  lake  northeast  of  Biwabik. 
At  Mesaba  station  on  the  Duluth  &  Iron  Range  railroad,  and 
within  a  mile  southeastward,  this  Mesabi  moraine  comprises 
many  hillocks  and  short  ridges  20  to  40  or  50  feet  high.  Thence 
continuing  northeast,  it  is  represented  by  characteristic  knoUy 
and  hilly  drift  deposits  and  abundant  boulders  on  the  south  side 
of  the  western  part  of  Birch  lake,  and  through  the  northern 
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part  of  Ts.  60  in  Rs.  XI  to  VIII,  where  it  is  mapped  by  Mr. 
Elftman,  lying  two  to  five  miles  north  of  the  Itasca  moraine, 
and  occupying  a  width  of  one  to  two  miles.  It  probably  comes 
down  to  the  lake  Superior  shore  about  70  miles  farther  east, 
in  the  Pigeon  River  Indian  reservation,  passing  thence  beneath 
the  lake  level. 

Ferviilion  Moraine. 

A.  twelfth  moraine,  named  from  Vermilion  lake,  along  whose 
southern  side  it  is  well  exhibited,  as  also  soath  of  Pelican  and 
Net  lakes,  was  first  carefully  studied  and  mapped  during  my 
field  work  in  1693.  The  portion  of  its  course  which  I  have 
examined  reaches  about  40  miles,  from  the  west  extremity  of 
Vermilion  lake  east-southeast  to  Tower  and  thence  east-north- 
east to  Ely.  In  total,  its  whole  extent  yei  known  is  nearly  75 
miles,  beginning  at  the  west  on  the  south  side  of  Net  l&ke, 
where  Mr.  G.  L.  Chase,  engaged  during  the  past  summer  in 
government  township  surveys,  reports  a  belt  of  irregularly 
grouped  drift  hills,  50  to  100  feet  high,  with  very  abundant 
boulders.  Next  south  of  Pelican  lake  it  occupies  a  width  of  one 
to  two  miles,  and  it  averages  about  one  mile  wide  in  its  course 
skirting  the  southern  shores  of  Vermilion  lake  for  the  distance 
of  twenty  miles  from  its  west  end  to  Tower.  This  belt  in  most 
portions  is  distinguished  more  by  its  wonderful  profusion  of 
boulders,  ranging  in  size  up  to  5  or  6  feet  and  occasionally  10  or 
15  feet  in  diameter,  than  by  its  large  amount  of  drift  amassed 
in  hillocks  and  ridges.  Its  multitudes  of  boulders  strow  the 
surface  of  the  Tower  'town  site,  and  are  conspicuously  piled 
upon  the  southern  slope  of  the  high  rock  hill  called  the  South 
ridge,  just  north  of  this  town;  but  they  are  absent  from  the  top 
of  this  ridge  and  from  its  northern  slope,  which  are  chiefly 
bare  rock.  Turning  northeasterly  for  the  next  one  and  a  half 
miles,  this  moraine  thinly  caps  the  North  ridge  at  Soudan, 
above  its  iron  mines.  Thence  it  runs  to  the  east  and  skirts 
the  northern  and  eastern  base  of  Jasper  peak,  which,  like  the 
top  of  the  ridge  near  Tower,  has  almost  no  drift. 

Six  to  ten  miles  farther  east,  this  belt  is  crossed  by  the  Duluth 
&  Iron  Range  railroad,  on  which  its  bouldery  drift  knolls  and 
ridges  are  cut  through  in  many  places  within  two  miles  west 
and  an  equal  distance  east  of  Robinson'  Lake  station.  At  Ely 
its  boulders  are  very  abundant  in  and  near  the  village.  Less 
than  a  mile  to  the  south,  associated  with  the  morainic  Iselt,  is 
an  irregular  esker  ridge  of  sand  and  gravel,  often  very  coarse, 
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trending  from  west  to  east  and  here  and  there  expanding  into 
small  plateaus,  with  altitudes  mostly  50  to  75  feet  above  the 
railroad  and  iron  mines.  Four  to  seven  miles  east  of  Ely, 
plenUf ul  low  drift  hills,  with  many  Iwulders,  were  observed  by 
Mr.  Elf  tman  adjoining  the  north  end  of  White  Iron  lake,  south- 
east of  Garden  or  Eve  lake,  and  north  of  Farm  lake.  The  ex- 
tent of  this  belt  beyond  its  limits  as  here  described  remains 
unexplored;  but  it  is  doubtless  traceable  west  at  least  to  the 
area  of  lake  Agassiz,  and  much  farther  eastward. 

Although  this  moraiaic  belt  is  very  distinct  and  certainly 
records  a  nearly  stationary  stage  interrupting  the  retreat  of 
the  ice-sheet,  I  estimate  its  volume  of  drift  added  above  the 
average  of  the  surrounding  region  to  be  only  5  to  10  feet  on  its 
variable  width  of  a  half  mile  to  two  miles.  A  half,  or  at  least 
a  third,  of  this  added  volume  consists  of  boulders  from  six 
inches  to  ten  feet  in  diameter. 

For  the  region  of  Ely  and  Vermilion  lake  I  estimated  the 
volume  of  all  the  drift  thus:  bare  ledges  of  rock,  with  no  drift 
or  too  little  to  be  worth  consideration,  about  a  tenth  of  all  the 
surface;  ledges  thinly  drift  covered,  probably  four-tenths,  with 
an  average  of  about  5  feet  of  drift;  while  the  remaining  half  of 
the  country,  having  diverse  deposits  of  sand  and  gravel,  re- 
treatal  moraines,  or  smoother  tracts  of  till,  may  have  an  aver- 
age depth  of  40  feet  of  drift  By  this  estimate  the  mean  thick- 
ness of  the  drift  there,  if  uniformly  spread,  would  he  about  22 
feet. 

V.-MODIPIED  nRlPT" 

The  deposits  included  under  this  title  are  waterwora  and 
stratified  gravel,  sand  and  clay  or  silt,  which  were  washed 
away  from  the  drift  upon  and  beneath  the  retreating  ice- 
sheet  by  the  streams  due  to  its  melting  and  to  accompanying 
rains.  Kames,  eskers,  sand  and  gravel  plateaus  and 
plains,  the  valley  drift  (varying  from  very  coarse  gravel 
to  very  fine  loess  and  clay,  often  eroded  so  that  its  remnants 
form  terraces),  are  the  principal  phases  of  the  modified  drift. 
In  being  derived  directly  from  the  ice-sheet,  these  deposits 
had  the  same  origin  as  the  glacial  drift  forming  the  common 
till  and  the  greater  part  of  the  retreatal  moraines;  but  they 
were  modified,  being  separated  from  the  coarser  portions, 
further  pulverized  or  rounded,  and  assorted  in  layers,  by 
water. 
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Katnes  unS  Evkera. 

Associated  with  the  till  in  the  moraines,  a  considerable  part 
of  these  accumulations  of  mar^nal  drift  often  consists  of 
irregularly  stratified  gravel  and  sand  in  knolls  and  short,  ir- 
regular ridges,  which  aro  called  kames.  Such  stratified  de- 
posits are  also  occasionally  found  on  the  general  till  expanse 
between  the  moraiuic  belts.  In  both  situations  they  are  at- 
tributable to  deposition  by  small  streams  descending  from  the' 
melting  surface  of  the  ice-sheet,  being  accumulated  in  the 
short  cafion-llke  gorges  which  were  melted  into  the  ice-border 
at  their  months.  The  slackening  of  the  steep  and  rapid  de- 
scent of  the  streams  there  emorging  upon  the  land  in  front  of 
the  ice  caused  them  to  deposit  tne  coarser  part  of  their  load 
pf  gravel,  sand,  and  clay,  which  was  left  in  these  hillocks  and 
ridges  when  the  enclosing  ice- walls  melted  away. 

Plateaus  of  gravel  and  sand,  deposited  similarly  as  kames 
but  filling  broader  indentations  of  the  retreating  ice-front, 
have  a  considerable  development  in  the  vicinity  of  Sandy  lake, 
■  with  altitudes  50  to  75  feet  above  the  lake  level.  They  also 
occur  west  of  Carlton  and  close  southeast  of  Cloquet,  and  in 
numerous  other  localities.  Within  one  to  two  miles  south  of 
White  Iron  lake,  they  are  described  by  Mr.  Elftman  as  form- 
ing flat-topped  hills  about  100  feet  high. 

Eskers,  which  are  also  the  deposits  of  glacial  streams  but 
differ  from  kames  in  forming  prolonged,  narrow  ridges,  a  half 
mile  to  one  mile  or  sometimes  several  or  many  miles  in  extent, 
are  infrequent  in  this  state.  Only  a  few  examples  -have  been 
noted  in  the  large  northeastern  region  which  is  here  reported, 
and  none  has  been  traced  along  a  distance  of  more  than  one  or 
two  miles. 

Valley  Drift  and  Plains. 

Moderately  undulating  or  nearly  level  tracts  of  sand  and 
gravel,  spread  on  the  land  in  front  of  the  retreating  ice-sheet 
by  streams  which  had  gathered  this  modified  drift  from  the 
melting  ice  surface,  are  found  extensively  developed  in  Wadena, 
Hubbard.  Cass.  Crow  Wing,  and  St.  Louis  counties,  and  to  less 
degree  in  many  other  portions  of  northeastern  Minnesota. 
Areas  reaching  ten  to  twenty  miles  on  each  side  of  the  Crow 
Wing,  Pine,  and  St.  Louis  rivers,  consist  of  these  plains,  often 
bearing  chiefly  jack  pine  (Pinus  banksiana),  but  in  their  more 
rolling  and  ridgy  portions  also  commonly  bearing  the  red  or 
Norway  pine.  Where  these  lands  are  very  moist,  lying  only  a 
few  feet  above  the  stream  courses,  and  especially,  as  in  parts 
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of  the  St.  Louis  basin  described  by  Mr.  Spurr,  where  thin  de- 
posits of  till  ai-e  spread  like  a  veneer  aboije  the  modified  drift, 
the  larger  and  more  valuable  white  pine  grows.  The  soil  pre- 
ferred by  this  tree,  however,  is  the  till  or  boulder-clay,  which 
generally  rises  higher  than  these  areas  of  modified  drift  and 
bears  a  heavy  growth  of  hardwood  (species  of  poplar,  birch, 
oak,  elm,  ash,  maple,  basswood,  and  other  deciduous  trees), 
interspersed  with  white  pine,'  sometimes  only  seen  here  and 
there  as  scattered  trees,  but  frequently  occurring  in  small  or 
large  groves,  from  a  few  rods  to  several  miles  in  extent. 


If  the  courses  of  the  Fergus  Falls  and  Leaf  Hills  moraines 
are  rightly  traced  as  noted  in  the  foregoing  pages,  the  earlieat 
outlet  from  the  Western  Superior  glacial  lake,  held  by  the  bar- 
rier of  the  waning  ice-sheet  still  occupying  the  central  and 
eastern  part  of  that  lake  basin,  probably  flowed  across  the  di- 
vide between  the  head  streams  of  tbe  Bois  Brul^  and  St.  Croix 
rivers,  where  a  remarkable  eroded  channel  is  found."  The  in- 
dentation of  the  ice-front  north  of  the  Wisconsin  driftless  area 
at  the  tioie  of  formation  of  the  first  or  Altamont  moraine  points 
decisively  to  the  melting  backward  of  a  great  re- entrant  angle . 
in  the  ice  boundary  upon  the  country  between  Duluth  and  Ash- 
land, including  the  place  of  the  Bois  Brul^-St.  Croix  outlet,  at 
a  time  previous  to  the  melting  of  the  ice  upon  the  district 
reaching  west  from  that  outlet  to  Aitkin  county.  The  correla- 
tions of  retreatal  moraines  given  here  and  in  the  second  volume 
of  the  Final  Report  imply  the  probable  beginniag  of  existence 
of  the  Western  Superior  ice-dammed  lake  between  the  times  of 
formation  of  the  seventh  and  eighth  or  Dovre  and  Fergus  Falls 
moraines.  But  after  the  accumulation  of  th^  latt«r  and  before 
the  time  of  the  next  or  Leaf  Htlls  moraine,  the  ice-melting  in 
the  western  portion  of  the  lake  Superior  basin  and  thence  west 
to  the  Mississippi  river  was  very  rapid,  so  that  the  greater 
part  of  Aitkin  counly,  the  whole  of  Carlton  county,  and  the 
country  from  Dulvith  north  to  Grand,  Wild  Rice,  and  Island 
lakes,  and  from  Two  Harbors  north  to  Highland  station,  were 
uncovered  from  the  departing  ice-sbeet.  According  to  the 
probable  duration  of  the  glacial  lake  Agassiz,  estimated  to 
have  been  only  about  1,000  yearsf,  in  which  the  stage  between 

*OeoloEy  o[  MIddoboU.  FEoal  Report,  vol.  II,  pp.  eiS.  U3. 

tG«tl.  Hud  Nat.  Hist.  Surver  ot  Caoada,  Aa.  Kep.,  usw  series,  vol.  iv.torl888--ffl.  pp. 
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the  Fergus  Falls  and  Leaf  Hills  moraines  was  a  small  fraction, 
this  retreat  of  the  ice  from  Aitkin  and  Carlton  counties  and  the 
west  end  of  lake  Superior  appears  to  have  occnpied  no  more 
than  a  century  or  perhaps  only  half  a  century. 
The  old  channel  of  outflow  to  the  St.  Croix  rivar  has  a  width 
'  of  about  a  Sfth  of  a  mile  in  its  narrowest  {>lace.  Its  bed  is 
1,070  feet  above  the  sea,  or  466  feet  above  lake  Superior;  and 
it  is  bordered  by  blufEs  about  75  feet  high,  showing  that  when 
the  course  of  outflow  began  here  the  Western  Superior  glacial 
lake  was  about  550  feet  above  the  present  lake  level.  Proba- 
bly the  highest  part  of  the  swamp  now  forming  the  watershed 
in  the  channel  has  been  filled  twenty  to  twenty-five  feet  since 
the  lake  forsook  this  mouth,  which  was  thus  lowered  by  ero- 
sion some  100  feet,  from  1,1^0  to  1,050  feet,  approximately, 
above  the  present  sea  level.  Beaches  and  deltas  referable  to 
this  glacial  lake  are  found,  as  described  by  Dr.  A.  C.  Lawson,* 
in  Duluth  and  its  vicinity  and  on  Mt.  Josephine,  near  Grand 
Portage,  showing  that  the  lake  while  outflowing  to  the  St. 
Croix  had  been  extended,  by  the  recession  of  the  ice-sheet, 
along  all  the  northwestern  shore  of  lake  Superior  in  Minne- 
sota; but  it  may  well  be  doubted  whether  it  continued  far  into 
Canadian  territory.  Before  the  recession  of  the  ice-sheet  had 
uncovered  the  country  about  Port  Arthur  and  farther  east- 
ward, probably  its  departure  from  Wisconsin  and  Michigan 
had  permitted  the  glacial  representatives  of  lakes  Superior  and 
Michigan  to  become  confluent  over  the  low  divide  of  the  Au 
Train  and  Whitefish  rivers,  the  latter  of  which  is  tributary  to 
the  Little  bay  de  Noc  The  Western  Superior  glacial  lake, 
suddenly  falling  about  60  feet,  as  is  shown  by  the  hights  of 
successive  beaches  and  deltas,  then  became  merged  in  the  gla- 
cial lake  Warren,t  outflowing  at  Chicago  to  the  Des  Plaines 
and  Illinois  rivers.J 

Dr.  Lawson,  in  his  report  before  cited,  has  not  discriminated 
between  the  traces  of  the  earlier  lake  outflowing  to  the  St. 

•"Ske cob  of  (tie  Coastal  Topograiihy  or  tbe  North  SIdeot  Lake  Euperior,  vltb  Special 
Keferanoe  to  the  Abandoned  Strands  o[  Luke  Warren."  Mlnnaaola  Geol.  Survey, 
Tventletb  An.  Rep.,  tor  1891,  pp.  181-280.  wltli  map,  proSiea,  and  figures  froia  photo- 

tNamedbyProf.  J.  W.  SpeDcerlnboQorofOea.G.  S.  Warren.  Sclenoe,  vol.  xl,  p.  10, 
Jan.  27, 1BS8;  Proo.  A.  A.  A.  S.,  vol,  xxivll,  tor  1888,  pp.  107-196:  Trans..  Ray.  9oo.  ol 
Canada,  vol.  v[|,  torlSSO.  aeo.  Iv.  p.  1£2. 

tPor  my  ronuer  discussions  of  tbe  later  atagee  of  the  gtaclal  lakes  and  retreat  of 
the  Ice-sheet  In  the  St.  Lavrenne  baaln,  eee  "Gtaclal  Lakes  Id  Canada,"  Bulletin. 
Geol.  Sue.  ol  America,  vol.  il.  ror  ICK.  pp.  ZO-Ve;  and  "Relatlonablp  of  tbe  Olaclal 
I^kea  Warroo,  Algonquin,  Iroquois  and  Hudson-Obani plain,"  Ibid.,  ral.  HI, for  IB91, 
pp.  1B4-487. 
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Croix  and  those  of  lake  Warren;  but  this  seems  desirable  for 
convenience  and  definiteness  in  description  and  discussion. 
Many  small  glacial  lakes,  and  a  few  as  here  attaining  large 
size,  became  finally  merged,  by  the  retreat  of  the  ice,  in  the 
single  vast  expanse  of  lake  Warren,  which  stretched  from  Du- 
luth  eastward  and  southeastward  to  the  west  end  of  the  basin  . 
of  lake  Ontario,  covering  the  whole  or  the  greater  part  of  the 
,  four  higher  Laureotiaa  lakes.  In  the  western  part  of  the  lake 
Superior  basin  the  ancient  high  shore  lines,  with  their  evi- 
dences of  wave  erosion  and  deposition,  belong,  from  hights 
{above  the  present  lake)  of  450  or  475  feet  up  to  607  feet,  the 
highest  observed  by  Dr.  Lawson,  to  the  Western  Superior  lake. 
Below  these  hights,  the  numerous  lower  shores  mark  succes- 
sive stages  of  lake  Warren,  which  were  due  only  in  very  ' 
slight  measure  to  erosion  of  its  outlet,  but  which  the  present 
writer  confidently  believes  to  have  been  cauf^ed  almost  entirely 
by  a  progressive  uplift  of  this  region,  elevating  the  northern 
and  northeastern  parts  of  the  area  of  the  great  glacial  lake, 
while  its  outlet  and  some  southwestern  portions  of  its  area 
remained  with  little  or  no  change  of  bight. 

A  quite  different  view  is  given  by  Dr.  Lawson,  who  thinks 
that  lake  Warren  was  not  held  in  by  the  retreating  ice-sheet, 
but  by  land  barriers,  the  country  on  the  south  and  east  having 
been  relatively  higher  than  now,  and  that  the  differential  sub- 
sidence of  the  land  there  and  contemporaneous  uplifting  of  the 
country  about  Hudson  bay  went  forward  without  disturbance 
of  the  horizontality  of  the  old  shore  lines  enclosing  lake  Sup- 
erior. On  the  west,  however,  I  have  ascertained  for  the  south- 
ern half  of  the  area  of  the  glacial  lake  Agassiz,  in  the  basin  of 
the  Red  river  and  of  lake  Winnipeg,  that  it  experienced  a  dif- 
ferential uplift  increasing  about  one  foot  to  the  mile  from  south 
to  north  during  the  departure  of  the  ice-sheet.  On  the  east, 
Mr.  Frank  Lieverett  has  demonstrated  that  the  beaches  of  lake 
Warren  south  of  lake  Erie  were  contemporaneous  with  the 
accumulation  of  adjacent  moraines;*  and  the  basin  of  lake 
Iroquois,  the  glacial  expansion  of  lake  Ontario,  according  to 
levelling  by  Gilbert  and  Spencer,  has  been  uplifted  like  that  of 
lake  Ag&ssiz,  but  with  a  greater  northward  ascent  of  the  old 
Iroquois  beach,  amounting  to  five  feet  per  mile  for  fifty  miles 
from  Rome  to  near  Watertown,  N.  Y.  It  seems  therefore  im- 
probable, in  the  first  place,  that  lake  Warren  occupied  a  land- 

•Ani.  Journ.  of  Science,  III,  vol.  xllll,  pp.  281-301,  with  maps.  April,  ISgS. 


- S^^ 


STATE  GaOLOGIST.  57 

locked  instead  of  an  iue-dammed  basin,  and,  secondly,  that 
these  recent  differential  epeirogenicf  movements  on  each  side 
failed  to  extend  across  the  area  of  lake  Superior.    . 

The  great  Pleistocene  lakes  Agassiz,  Warren,  Algonquia, 
and  Iroquois,  were  probably  due  alike  to  the  barrier  of  the 
waning  ice  sheet;  and  their  basins  appear  to  have  shared  in  a 
general  epeirogenic  uplift  of  the  whole  drift-bearing  area  of 
our  continent,  when  it  was  relieved  from  its  ice  burden.  Under 
this  view,  the  highest  shores  at  Duluth  and  on  Mt.  Josephine 
seem  readily  referable  to  an  ice- dammed  lake  in  the  western 
part  of  the  Superior  basin  outflowing  in  the  eroded  channel  at 
the  head  of  the  St.  Croix  river,  from  which  there  is  an  ascent 
of  about  140  feet  in  a  distance  of  120  miles  northeast  to  the  607 
feet  shore  terrace  noted  by  Lawson  on  Mt.  Josephine.  Later, 
for  the  earliest  and  highest  stage  of  lake  Warren,  likewise  ice- 
dammed,  with  outlet  to  the  Mississippi  across  the  low  divide 
at  Chicago,  about  595  feet  above  the  sea.  we  have  now  an  as- 
cent of  420  feet  in  about  350  miles  to  the  highest  shore  found 
by  Lawson  near  the  Sault  Ste.  Marie,  at  a  hight  of  414  feet 
above  lake  Superior.  The  differenftal  uplifts  thus  indicated 
for  both  of  these  old  lake  shores  are  similar  in  their  vertica^ 
amount  and  geographic  extent  with  the  fully  known  epeiro- 
genic uplift  of  the  lake  Agassiz  area. 

BEACHES. 
The  upper  limit  of  lacustrine  action  in  Duluth  and  its  vicinity 
is  marked  by  discontinuous  beach  deposits  on  the  upper  part  of 
the  steeply  ascending  bluffs  at  an  altitude  of  535  feet  to  540  feet 
above  the  lake.  In  the  recess  between  two  projections  of  rock  at 
the  top  of  the  Seventh  Avenue  inclined  railway,  where  the  hight 
of  this  shore  was  determined  by  Dr.  Lawson.it  appears  as  a  small 
terrace  of  sand  and  fine  and  coarse  gravel,  12  to  15  rods  long  and 
about  5  rods  wide.  The  verge  of  its  flat  surface  is  on  the  level 
of  the  railway  station  floor,  and  thence  the  terrace  rises 
four  or  five  feet  to  where  it  adjoins  the  till  and  rock  slopes. 
In  front  the  same  gravel  and  sand  fall  off  about  20  feet  within 
a  few  rods,  and  then  spread  out  again  in  a  similar  lower  and 
longer  terrace,  eight  to  ten  rods  wide,  with  its  surface  gently 
inclining  lakeward  at  515  to  505  feet,  approximately.    These 

tThe  teriDB  tpcirDomu  and  ejxIrooenU  (cOQllnent-pTOdiiciiiK.  Irom  the  Greek  tpelroi. 
a  malnUDd  or  continent)  sra  proposed  b;  Ur,  G.  K.  GIlliGrl  (In  "Lake  Boanevllle." 
HonogrBph  I,  C.  H.Oeol.  Survey.  1800.  p.  MO).  lodesEguate  thebrond  movenieota  of  up- 
lltt  and  Bubsldeace  whlcti  alTeot  tlia  wbole  or  large  portions  of  contlaeolal  Breas  and 
ol  the  OMBDlc  basins. 
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deposits  were  brought  partially  by  inflowing  waters  from 
above,  being  so  far  of  delta  character,  and  partially  by  shore 
currents  frpm  wave  erosion  of  the  adjoining  bluffs  on  each  side, 
being  for  such  portion  more  strictly  beach  accumulations. 
They  mark  stages  of  the  Western  Superior  lake  when  its  mean 
levels  here  were  about  535  and  510  or  515  feet  above  lake 
Superior. 

Next  below  these  shore  lines  is  the  most  definite  and  persist- 
ent beach  of  the  entire  series,  both  of  the  Western  Superior 
lake  and  the  ensuing  lake  Warren.  This  was  generally  repre- 
sented along  the  bluff  face  by  a  narrow  beach  terrace  or  slight 
shelf,  less  steep  than  the  slopes  below  and  above  it,  so  that  its 
contour  line,  470  to  475  feet  above  the  present  lake,  has  been 
used  as  the  course  of  a  driveway,  known  as  "the  boulevard," 
which  has  been  graded  and  is  much  used  for  pleasure  driving, 
along  an  extent  of  four  miles,  above  the  principal  part  of  the 
city  of  Duluth,  from  Miller's  creek  to  Chester  creek.  Beyond 
these  limits  the  boulevard  is  planned  to  be  extended  for  dis- 
tances of  four  miles  more,  both  to  the  southwest  and  northeast, 
following  the  same  altitude  and  shore  line,  giving  a  total  length 
of  twelve  miles.  Its  hight  is  only  a  few  feet  above  the  water 
divide  in  the  old  channel  of  outflow  from  the  Western  Superior 
lake  to  the  St  Croix;  but,  if  we  make  due  allowance  for  the 
partial  filling  of  that  channel  with  postglacial  alluvium  and 
peaty  swamp  deposits,  it  seems  probable  that  this  latest  shore 
of  that  glacial  lake  has  now  an  ascent  of  15  or  20  feet  in  the 
distance  of  about  25  miles  from  its  outlet  north-northwest  to 
Duluth.  The  earlier  and  higher  shores  here  were  made  when 
the  erosion  of  the  outlet  liicked  successively  about  65  and  30  or 
35  feet  of  its  final  depth;  but  a  certain  part  of  its  earliest  ero- 
sion had  been  done  before  the  retreat  of  the  ice  extended  the 
lake  to  this  northwest  coast.  These  three  beaches  of  the  Wes- 
tern Superior  lake  may  be  conveniently  designated  as  the  First 
and  Second  Duluth  t3eaches  and  the  Boulevard  beach. 

Between  the  neighborhood  of  Duluth  and  Mt.  Josephine,  no 
definite  observations  of  the  Western  Superior  glacial  lake  shore 
lines  have  been  obtained,  although  there  can  be  no  doubt  that 
they  extend  continuous  along  this  distance,  which  is  about  130 
miles  in  a  nearly  direct  northeastward  course.  When  the 
woods  of  this  high  coast  shall  be  cleared  off,  as  will  probably 
sometime  be  done  in  many  places  for  fanning  and  pasturage, 
the  beach  levels  will  be  observed,  especially  the  highest  and 
lowest  of  the  three  noted  at  Duluth.     Attempting  to  correlate 
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tbese  beaches  with  those  found  by  Lawsoo  on  Mt.  Josephine, 
I  identify  the  535  feet  and  510  to  515  feet  Duluth  shores  as 
respectively  bis  607  and  567  feet  shores;  and  the  475  to  470  feet 
beach  of  the  Duluth  boulevard  becomes  apparently  the  con- 
spicuous 509  feet  beach  of  Mt.  Josephine.  The  total  different- 
ial uplifting  of  the  two  upper  shores  between  these  localities 
has  been  about  70  feet,  of  which  about  half  had  been  accom- 
plished previous  to  the  time  of  the  Boulevard  beach.  This  pro- 
gressive uplifting  of  the  land  soon  after  the  recession  of  the 
ice,  while  indeed  tbe  ice  barrier  yet  remained  in  the  eastern 
part  of  this  lake  basin,  ia  in  full  parallelism  with  the  epeirogenic 
movements  which  gave  their  northward  ascents  to  the  beaches 
of  lakes  Agassiz  and  Iroquois,  and,  as  Prof.  J.  W.  Spencer  and 
Mr.  F.,  B,  Taylor  have  shown,  to  the  beaches  of  various  por- 
tions of  lakes  Warren  and  Algonquin. 

During  tbe  past  season's  field  work  I  obtained  numerous 
observations  of  the  beaches  of  the  Western  Superior  lake  near 
Thomson,  and  between  Carlton  and  Wrenshall,  some  15  miles 
southwest  of  Duluth,  and  in  the  vicinity  of  Holyoke,  a  station 
of  tbe  Great  Northern  railway,  15  miles  south  of  Carlton,  Near 
Holyoke,  which  is  about  80  miles  west  of  tbe  outlet  at  the  bead 
of  the  Bois  Brul6  and  St.  Croix  rivers,  the  successive  lake 
levels  indicated  by  the  beach  ridges  observed  and  provision- 
ally referred  to  the  Western  Superior  lake  are  about  520,  500, 
and  455  feet  above'  lake  Superior,  corresponding  well  with  the 
slightly  inclined  planes  of  tbe  Duluth  and  Mt.  Josephine  shores, 
and  indicating  a  lowest  water  surface  of  about  455  feet  at  the 
outlet.  "■ 

Eight  beaches  of  lake  Warren,  mostly  on  the  same  levels 
with  its  well  defined  deltas,  were  also  observed  in  the  vicinity 
of  Duluth,  on  the  Northern  Pacific  railroad  from  West  Superior 
to  Wrenshall,  and  on  tbe  Great  Northern  railway  to  tbe  vicin- 
ity of  Rhodes'  Mill,  four  miles  northeast  of  Holyoke.  The 
highest  three  of  tbese  shore  lines  bear  conspicuous  deposits  of 
beach  sand  and  gravel  which  are  cut  by  tbe  railroad,  the  first 
being  one  and  a  half  miles  southeast  of  Wrenshall,  the  second 
nearly  a  mile  farther  east,  and  the  third  close  west  of  Barker 
station,  about  a  halt  mile  east  from  the  last.  The  altitudes  of 
their  crests  at  the  railroad  cuts  are  respectively  427,  401,  and 
'  361  feet  above  lake  Superior;  and  the  mean  water  levels  of 
lake  Warren  while  these  deposits  were  being  accumulated 
appear  to  have  been  approximately  at  410,  385,  and  350  feet. 
Of  tbese  the  first,  which  was  the- highest  level  of  lake  Warren, 
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held  during  only  a  very  short  stage,  is  represented  by  the 
fourth  in  the  series  of  deltas  of  Chester  creek  in  Dalutb;  and 
the  second  and  third  have  their  representation  in  the  fifth  of 
those  deltas,  while  apparently  the  second  is  the  Nelson 
beach,  and  the  third  the  McEwen  beach,  of  Mr.  F.  B.  Taylor's 
observations  along  the  sonth  side  of  lake  Superior,  north  of 
lake  Huron,  and  In  the  vicinity  of  lake  Nipissing."  The  Nelson 
beach,  generally  marking  the  highest  well  defined  shore  of 
lake  Warren,  is  410  feet  above  lake  Superior  at  Houghton, 
Michigan;  414  feet  near  the  Sault  Ste.  Marie;  and  538  feet,  or 
1,140  feet  above  the  sea,  near  North  Bay,  lake  Nipissing.  The 
McEwen  beach,  supposed  to  have  been  formed  when  lake  War- 
ren at  Duluth  stood  about  350  feet  above  lake  Superior,  is 
identified  as  the  865  feet  shore  terrace  at  Ste.  Marie,  while 
near  lake  Nipissing  its  bight  from  the  same  plane  is  468  feet, 
being  1,090  feet  above  the  sea  level.  In  Dr.  Lawson's  series 
of  observattons,  the  higher  and  earlier  shore  of  410  to  415  feet 
near  Wrenshall  and  at  Duluth  seems  to  be  probably  represented 
by  the  440  to  458  feet  plain  and  terrace  at  Grand  Portage, 
and  by  the  455  feet  terrace  of  an  old  delta  plain  on  the  Kamini- 
stiquia  river;  and  near  lake  Nipissing,  according  to  my  correla- 
tion with  Mr.  Taylor's  notes,  it  is  found  about  1,205  to  1,220 
feet  above, the  sea. 

To  present  concisely  the  results  of  my  studies  of  the  whole 
series  of  lake  shores  observed  by  me  at  and  near  Duluth,  in 
their  probable  correlations  with  the  shores  observed  farther 
eastward  by  Dr.  Lawson,  Mr.  Taylor,  and  Prof.  Spencer,t 
notes  of  the  twelve  lake  levels  found  here  are  successively  pre- 
sented as  follows,  in  descending  order,  their  altitudes  being 
given  in  feet  above  lake  Superior.  On  northern  portions  of 
the  lake  Superior  coast  several  of  these  seem  to  be  each  repre- 
sented by  two  or  more  shores,  separated  by  distinct  vertical 
intervals  of  10  feet  or  more.  Most  of  the  beaches,  it  should  be 
remarked,  are  very  feebly  developed,  even  in  the  moat  favora- 
ble situations  for  their  formation,  and  are  not  discernible  along 
the  far  greater  part  of  all  the  lake  borders.  During  ail  the 
time  of  uplifting  of  the  basin  and  sinking  of  the  water  surface 
by  its  finding  successively  lower  outlets  and  by  their  erosion 

•Bulletin,  Geol.  Soo.  AmErlo:^.  vol.  v.  pp.  eSO-VX.  with  maps,  April,  1B9I.      Am.  Geolo- 
gist, vol.  xlll.  p.  230,  Murcb,  IBM:  and  310-3-17  and  3a5-3Kl.  witb  maps.  Mar  and  JunO.    ' 
ISU.    AiD.Jaur.  Bui,.  Ill,  vol.  xltti,  pp.  210-SlS.  Maroh,iaB2. 

tj.  W.  Speaoer.  Am.  Jour.  Sol.,  III.  foI.  x  1 1,  pp.  12-2  L.  with  map.  Jaa.,1Sftl;  Ham  a  vol.. 
pp.  201-211,  with  map,  Uarch.  IMl.  Bulletin.  Geol.  Soc  of  America,  vol.  II.  pp.  MKMTS, 
with  map,  April.  IBfll. 
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from  higher  to  lower  levels,  whenever  the  diminishing  lacus- 
trine area  was  nearly  unchanged  for  a  few.  years  or  longer,  the 
erosion  and  deposition  effected  by  the  great  waves  of  storms, 
and  the  tribute  of  streams  forming  deltas,  recorded  these  shore 
lines. 

Beach£3  of  thb  Western  Supbriob  Glacial  Lake. 

First  DulvOi  beach:  at  Dulutb,  635  feet  above  lake  Superior;  on  Ut. 
Josephine,  60T  feet:  at  Kimball,  Wis.,  570  feet;  at  L'Aone  and  Marquette, 
Mich.,  about  590  feet. 

Second  Dulttth  beach:  at  Dulutb,  510  orSIS  feet;  oq  Mt.  •Tosepbine,  5S7 
feet 

Boulevard  beach:  at  Dulutb.  4T0-4TS  feet;  on  Mt.  Josepbloe,  50e  feet. 

Beaches  op  the  Glacial  Lake  Wabren. 

Belmme  beach  [name  given  by  Prof.  K.  H.  Wluchell  to  the  correapooding 
earliest  shore  Hue  of  lake  Warrea  la  Ohiot):  near  Wrenshall  and  In  Du- 
lutb, 4 104 15  Teet;  at  Grand  Portafj^e,  440  feet;  od  the  Kamlnlstiquia  river, 
455  feet;  at  Mackenzie,  on  the  Canadian  PacISc  railway  13  miles  nottb- 
east  of  fort  Arthur,  Dr.  Lawson'a  descriptions  Indicate  that  this  lake 
level,  at  about  475  feel,  adjoined  the  melting  Ice-sheet  (1.  c,  p.  264); 
eight  miles  east  of  Cartier,  about  600;  southeast  of  lake  NlpisstDg,  e05-S20. 
The  "Ridgeway  beach"  of  Prof.  Spencer. 

Nelson  beach  (named  by  Taylor  Id  the  vicinity  of  Sorth  Bay,  lake  Nipis- 
elng;  probably  united  with  the  Belmore  beach  In  Ohio  and  northward  to 
Mackinac  Island):  at  Dulutb,  385  feet;  aCi  Mackenzie,  a  moralnic  terrace, 
420  feet;  at  Jackflsb  bay,  418;  Sault  Ste.  Marie,  414;  Houghton,  410;  North 
Bay,  Kt8.  The  "Algouqulu  beach"  of  Mr.  Taylor  on  Mackinac  Island,  at 
185  feet;  near  Petoskey,  about  BO  feet;  and  at  Traverse  Olty,  60  feet.  The 
highta  (likewise  above  lake  Superior)  of  this  shore  about  Green  bay  of 
lake  Michigan  are  noted  by  Mr.  Taylor  as  follows:  at  Green  Bay,  0;  six 
miles  north  of  Menominee,  30  feet;  South  Bay  hill,  115  feet;  Cook's  Mill, 
near  the  head  of  Big  bay  de  Hoc,  160  feet. 

XeEtoen  beach  [named  by  Taylor  near  North  Bay):  at  Dulutb,  350  feet; 
Schrelber  and  Terrace  bay,  391-2;  Sault  Ste.  Marie,  306;  North  Bay,  488. 

ThibeavU  beach  (also  named  by  Taylor  near  North  Bay):  Great  Northern  ' 
railway,  about  24  miles  northeast  of  Fozboro,  290-300  feet;  Mt.  Josephine, 
313;  Mackenzie,  327;  Sault  Ste.  Marie,  311. 

Douftte  Ban  ^^aeA:  at  Dulutb,  265-260  feet;  at  Double  bay,  279  feet;  on 
Isle  Boyalet,  about  270;  Carp  river.  288. 

Fir^  Beaver  Bay  Iteach:  at  Dulutb;  165-160  feet;  at  Beaver  bay,  173  feet: 
eastward  represented  by  two  beaches:— a,  at  Grand  Portage,  232  feet:  at 
Carp  river  and  Pie  Island,  222;  at  Terrace  bay,  243;  at  Sault  Ste.  Marie, 
£24;  on  tbe  Keweenaw  peninsula,  220;— 6,  at  Mazokamah,' 214;  Terrace  bay, 
228:  Dog  rlrer,  216;  Sault  Ste.  Marie,  208;  on  the  Keweenaw  peninsula 
(Taylor  and  Lane),  about  300. 

tProc.  Am.AsBOO.  forAdr.  of  Sol.,  vol,  xxl,  forlBT2,  pp.  ITI-ITB.  Qeologr  of  Ohio,  vol. 
II.  18T1.  pp.  SS.  lis,  U3. 

tAltltudes  of  this  and  other  lower  sbore  lIueB  on  ble  Royalo  are  kindly  iupplled  bj 
Dr.  A.  O.  Lftne.  tiom  unpublished  obserTatlons  for  the  Qe«l.  Suivey  of  Mluhtgkn. 
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Second  and  Third  Beaver  Bay  beadtet  (becomlD);  three  northeastward): 
at  DnlDth,  S5-90  feet;  Beaver  bay,  126  and  115;  Pigeon  river  (tbfrd),  134; 
Isle  Royale,  about  130;  shore  above  Carp  river,  164,  128,  and  122;  Port 
Arthur  (third).  149;  Silver  Islet,  168,  161,  149;  Jackflsh  bay,  176,  168:  Saalt 
Ste.  Uarie,  150;  Keweeoaw  peoiosula,  170,  150.  145-125  (delta  of  Baron 
creek,  A.  C.  Lane). 

Che^er  Creek  beach:  at  Dalutb,  45-50  feet;  Beaver  bay,  80:  Isle  Boyale,  00; 
HcEellar's  point,  101;  Fort  Arthur.  118;  Kip'igon,  132;  Montreal  river,  IS; 
Mamalnse,  122. 

Beach  of  the  Glacial  Lakb  ALooKqirm. 

Al^(mquin  betch  (named  by  Prof.  Spencer,  In  Proc.  A.  A.  A.  S.,  vol. 
zxxvii,  p  199):  at  Dululb,  united  with  the  present  take  beaches:  at  Beaver 
ba J,  20  feet;  Good  Harbor  bay,  27;  Grand  Portage,  38:  McEellar's  point, 
48;  Carp  river,  52;  Fie  Island,  43;  Port  Arthur,  Niplgon,  and  Montreal 
rlrer,  61;  Sault  Ste.  Marie,  40:  Houghton  and  Marquette,  about  25;  near 
Algoma,  60-80;  near  North  Baj,  on  lake  Nlplsslng,  14a  The  KIpiasiug 
beach  of  Mr.  F.  B.  Tajlor;  but  not  his  "Algonqulu  beach"  on  Mackinac 
Island  (Am.  Jour.  Sci.,  lU,  vol.  xllU,  pp.  210-218),  which  is  the  highest  of 
the  lake  Warren  shores,  being  apparentlr  the  compound  representative 
of  the  Belmore  and  Nelson  beaches. 

The  front  of  the  departing  ice-sheet  was  the  barrier  of  the 
Western  Superior  glacial  lake  while  the  one  receded  and  the 
other  advanced  from  Duluth  northeastward  to  Mt.  Josephine 
and  the  most  northeastern  point  of  Minnesota,  and  eastward 
to  Marquette.  When  the  farther  glacial  recession  opened  the 
space  for  this  lake  and  the  similarly  expanding  lake  Warren 
to  be  merged  together  above  the  low  land  of  the  eastern  part 
of  the  Michigan  upper  peninsula,  the  Western  Superior  waters 
fell  about  60  feet  below  their  former  outlet  to  the  St.  Croix, 
and  thenceforward  the  outlft  of  lake  Warren  past  Chicago 
carried  away  the  drainage  from  the  glacial  mettikg  and  rainfall 
of  the  Superior  basin.  At  a  time  that  was.  probably  somewhat 
later  than  the  end  of  the  Western  Superior  lake,  its  analogue, 
the  Western  Erie  glacial  lalie.  which  had  outflowed  past  Ft. 
Wayne,  Indiana,  to  the  Waba.sh,  Ohio,  and  Mississppi  rivers, 
became  likewise  lowered  and  merged  in  lake  Warren,  which  in 
Its  soon  ensuing  maximum  stage  stretched  from  the  south  end 
of  lake  Michigan  to  the  north  side  of  lake  Superior,  northeast 
to  lake  Nipissing,  and  eastward  to  the  east  end  of  lake  Erie 
and  the  southwestern  limits  of  the  lake  Ontario  basin.  While 
the  outlet  continued  at  Chicago,  all  the  northern  part  of  the  area 
of  lake  Warren,  extending  about  600  miles  from  Duluth  to  lake 
Nipissing,  was  uplifted  hundreds  of  feet. 

The  uplifting  was  approximately  uniform  for  this  entire  ex- 
tent, and  indeed  for  the  whole  width  of  the  Superior  basin. 
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reaching  150  miles  from  south  to  north;  so  that  the  present 
altitudes  of  the  elevated  beaches,  while  somewhat  inclined,  are 
yet  through  long  distances  so  nearly  horizontal  that  they  par- 
tially and  in  a  remarkable  degree  justify  Dr.  Lawson's  opinion 
that  the  ancient  lake  levels  remain  parallel  with  that  of  to-day. 
The  sum  of  all  the  epeirogenic  movements  smce  the  formation 
of  the  Belmore  and  Nelson  beaches,  along  a  nearly  due  north 
line  measures  as  follows,  in  comparison  with  the  Chicago  out- 
let: from  Chicago  for  aboat  185  miles  north  to  the  southern 
end  of  Green  bay,  very  little,  the  old  shore  still  being  nearly 
unchanged;  about  the  north  end  of  Green  bay,  at  the  head  of 
the  Big  bay  de  Noc,  150  feet;  at  Houghton,  on  the  Keweenaw 
peninsula,  410  feet;  and  at  the  north  side  of  lake  Superior,  420 
feet,  or  more  probably  475  feet  Along  a  west  to  east  belt  50 
to  100  miles  wide,  including  the  upper  peninsula  of  Michigan, 
the  rate  of  differential  uplifting  ranged  from  one  to  five  feet 
per  mile  from  south  to  north;  while  on  a  large  area  farther 
north  there  was  little  differential  movement,  but  in  general  a 
surprisingly  uniform  and  regular  elevation  of  the  lake  Super- 
ior district. 

When  the  glacial  melting  and  retreat  at  length  permitted 
an  outflow  from  the  St.  Ijawrence  basin  over  a  lower  pass, 
which  was  through  central  New  York  to  the  Mohawk  and  Hud- 
son, the  water  surface  of  the  basins  of  lakes  Michigan,  Huron, 
and  Superior,  fell  only  some  50  or  75  feet,  from  the  latest  and 
lowest  stage  of  lake  Warren  to  its  short-lived  successor,  lake 
Algonquin.  This  lake  was  ice-dammed  only  at  low  places  on 
its  east  end,  as  at  or  near  the  heads  of  the  Trent  and  Mattawa 
rivers,  lying  respectively  east  of  lakes  Simcoe  and  Nipissing, 
where  otherwise  its  waters  must  have  been  somewhat  further 
lowered  to  outflow  by  those  passes.  A  careful  study  of  the 
late  glacial  epeirogenic  uplifting  of  all  portions  of  the  St 
Lawrence  drainage  area,  as  known  by  the  present  inclinations 
of  its  many  shore  lines,  convinces  me  that  Gilbert*  and  Wrightf 
have  overestimated  the  importance  of  the  outflow,  if  any  such 
took  place,  from  lake  Algonquin  past  the  present  lake  Nipis- 
sing to  the  Mattawa  and  Ottawa  rivers.  Professor  Spencer's 
Algonquin  beach  is  very  clearly  the  Nipissing  beach  of  Mr. 

*Pro«.  Am.  ABW>a.forAilv.otSclenoe,Tol.  xxxv,  forl9Ta.  pp-KJ,  S33.  "The  Hlfltory 
of  theNlagarKBIver,"  Blxtfa  Ad.  Bep.  o(  tbe  Oommlulonera  ot  the  Etate  Beaerratloa 
atNlas&ra,  fnrlheyearlSTt,  pp,  41-61,  Willi  nmps  and  sectlODBIalso  IntbeBmltblODlaa 
An.Bep.  forlS0O.pp.i3l-STj, 

-'BuUetlD.  Qeol.  Boc.  of  Ametlca,  vol.  Ir,  pp.  423-6:  wllh  ensuing  dlgcusBlou  b;  Dr. 
Bobeit  Bell,  pp.  i»-7. 
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Taylor;  and  this  earliest  and  principal  stage  of  lake  Algonquin 
Is  shown  by  these  beaches  to  have  coincided  closely  in  area 
with  lakes  Michigan  and  Superior,  but  to  have  been  consider- 
ably more  extensive  eastward  than  the  present  lake  Huron  and 
Georgian  bay.  It  held  a  level  which  now  by  subsequent  dif- 
ferential epeirogenlc  movements  is  left  probably  wholly  below 
the  present  level  of  lake  Michigan  by  a  vertical  amount  rang- 
ing from  almost  nothing  to  about  40  feet.  IIa  shores  were 
nearly  coincident  with  the  western  shore  of  lake  Huron,  but 
eastward  they  are  now  elevated  mostly  150  to  200  feet  above 
that  lake  and  Georgian  bay;  and  in  the  lake  Superior  basin 
they  vary  from  about  50  feet  above  lake  Superior  at  its  mouth, 
and  along  its  northeastern  and  northern  shores,  to  25  feet  at 
Houghton,  and  to  a  few  feet  or  none  at  Duluth.'  The  earliest 
outflow  of  lake  Algonquin  doubtless  passed  southward  by  the 
present  course  of  the  St.  Clair  and  Detroit  rivers;  thence  it  ran 
east  as  a  glacial  River  Erie,  following  the  lowest  part  of  the 
shallow  bed  of  the  present  lake  Erie,  which  then  had  an  east- 
ward descent  of  probably  200  feet,  allowing  no  lake  or  only  a 
very  small  one  to  exist  in  the  deepest  depression  of  the  basin; 
and  north  of  Buffalo  it  coincided  with  the  course  of  the  Niagara 
river. 

The  Niagara  gorge  has  since  been  eroded  by  the  recession 
of  its  waterfall;  and  the  outflow  from  the  upper  Laurentian 
lakes  has  been  constantly  pouring  over,  the  receding  cataract, 
excepting  possibly  (but  improbably)  that  it  may  have  been 
diverted  for  some  very  short  time,  as  less  than  a  century,  to 
the  Mattawa.  It  seems  to  me  far  more  probable  that  the 
epeirogenlc  nplift  of  the  Nipissing  region,  which  had  elevated 
it  about  450  feet  during  the  existence  of  lake  Warren,  con- 
tinued so  fast  that  both  the  Trent  and  Nipissing-Mattawa 
passes  were  raised  above  the  level  of  lake  Algonquin  before 
the  glacial  retreat  uncovered  the  country  east  of  them  so  that 
outlets  could  be  obtained  there. 

With  the  continuance  of  the  uplift  of  the  lake  Superior  ba- 
sin after  the  fonnation  of  the  Algonqnin  beach,  the  mouth  of 
lake  Superior  and  the  Sault  Ste.  Marie  came  into  existence; 
and  this  movement  allowed  the  lake  level  at  Duluth  to  fall  pro- 
bably 40  or  50  feet  beneath  the  Algonquin  and  present  shore 
line.  Subsequent  differential  elevation  of  the  eastern  and 
northern  parts  of  the  basin,  as  compared  with  Duluth,  has 
again  brought  the  west  end  of  the  lake  up  to  the  Algonquin 
shore;  but  not  until  the  St.  Louis  river,  while  the  watersurface 
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stood  cODSiderably  lower  than  now,  had  deeply  eroded  its 
broad  channel  through  the  very  gently  slopiag  expanse  of  till 
from  Fond  du  Lac  to  the  harbor  of  Duluth  and  Superior. 

It  would  be  very  interesting  to  trace  the  relationship  of  the 
epeirogenic  uplifting  of  the  lake  Warren  basin  with  those  of  the 
contemporaneouB  lake  Agassiz  on  the  west  and  the  slightly 
later  lake  Iroquois  on  the  east,  but  the  limits  and  scope  of 
the  present  report  forbid  this.  Nor  can  we  here  consider 
what  these  glacial  lakes  teack  concerning  the  recession  of  the 
ice-sheet  from  New  York  and  New  England,  which  are  thus 
clearly  shown  to  have  been  the  last  portion  of  the  United 
States,  at  least  eastward  from  the  Rocky  mountains,  to  be  an- 
covered  from  the  fast  waning  continental  glacier.  The  re- 
treatal  moraines  of  all  the  drift-bearing  area  east  of  the  great 
angle  of  the  drift  boundary  in  southwestern  New  York  appear, 
in  the  light  of  these  studies,  to  be  somewhat  (though  not  many 
hundreds  of  years)  newer  than  all  the  series  of  moraines  with- 
in the  limits  of  the  United  States  west  from  that  angle  to  Min- 
nesota and  North  Dakota. 

DELTAS. 

Not  only  the  St.  Louis  river,  but  also  many  small  streams  in 
the  vicinity  of  Dulutb,  brought  noteworthy  deltas  of  gravel 
and  sand  into  the  formerly  much  higher  glacial  lakes  which 
represented  lake  Superior.  The  largest  delta  plain  which  I  ob- 
served reaches  about  a  mile  eastward  from  the  St  Louis  river 
at  Thomson  and  has  an  altitude  of  455  to  460  feet  above  the 
present  lake.  It  was  probably  formed  nearly  at  the  old  lake 
level  or  within  a  few  feet  below  it,  contemporaneous  with  the 
formation  of  the  Boulevard  beach.  Still  water  deposits,  laid 
down  at  a  short  distance  off  shore,  swept  by  the  prevailing 
winds  and  shore  currents  southward  from  the  mouth  of  the  St. 
Louis,  as  it  then  was,  are  now  found  as  the  beds  of  stratified 
clay  worked  for  brick-making  at  and  near  Wrenshall,  three  to 
four  miles  south  of  this  delta.  Numerous  other  sand  and 
gravel  deltas  of  the  St.  Louis,  mostly  of  small  extent,  will 
doubtless  be  easily  recognized  by  adequate  search;  and  the  cor- 
responding finer  silts  borne  southward  thinly  cover  many 
tracts  of  the  wooded  Nemadji  drainage  area,  above  its  much 
greater  thickness  of  till. 

On  Tischer's  creek,  in  the  northeastern  suburbs  of  Duluth, 
large  terrace  remnants  of  a  delta  which  was  brought  in  during 
the  stage  of  the  First  Duluth  beach  are  found  at  540  to  550  feet, 
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about  a  quarter  to  a  third  of  a  mile  north  of  the  Hardy  School. 
Other  and  lower  deltas  of  this  stream  lie  west  of  this  school 
house  and  within  a  quarter  of  a  mile  south. 

The  most  interesting  series  of  deltas,  however,  which  I  ex- 
amined in  Duluth  is  situated  along  the  course  of  Chester  creek. 
Besides  its  present  course,  this  creek  sent  a  part  of  its  waters 
into  the  Western  Superior  glacial  lake  by  a  more  western  chan- 
nel, occupied  by  a  very  small  brook,  there  depositing  the  con- 
spicuous gravel  and  sand  banks  above  and  below  the  boule- 
vard a  half  mile  southwest  of  Chester  creek,  which  are  now 
being  extensively  excavated  by  the  city  street  department  and 
in  part  for  use  as  masons'  sand.  Along  Chester  creek  I  noted 
nine  successive  delta  terraces  or  small  plains,  usually  well  rep- 
resented on  each  side  of  the  creek,  which  has  cut  deeply 
through  them  to  the  underlying  rock  or  steep  till  slope.  In 
their  descending  order,  these  have  the  following  altitudes: 

1.  About  640  to  630  feet;  beloQglae  to  the  First  Duluth  statue. 

2.  About  510  to  190  feet;  representing  the  Second  Duluth  beach. 

3.  At  480  to  460  feet;  deposited  during  the  time  of  the  Boulevard  lake 
level. 

4.  At420  to  410  feet;  the  Belmore  level. 

6.  From  3S0  to  360  feet;  repreeeotlng  together  the  Nelson  aud  HcEweo 
beaches. 

6.  From  260  to  230  feet,  including  the  former  site  of  the  Forest  Hill 
cemetery;  the  Double  Bay  beach.  (Probably  a  delta  deposit  may  be  found 
nearly  midway  between  the  last  two,  at  the  Thlbeault  shore  line,) 

T.    AtieOtolGOfeet;  on  the  first  Beaver  Bay  shoreline. 

8.  At  00  to  15  feet;  correapondlng  to  the  Second  and  Third  Beaver  Ba; 
beaches. 

9.  At  50  to  45  feet]  close  to  the  mouth  of  this  creek,  aud  rising  imme- 
diately on  the  north  side  of  the  Duluth  &  Iron  Range  railroad.  From 
this  delta  Is  derived  the  name  of  the  Chester  Creelc  beach. 

After  ezamlDing  this  series  of  deltas  and  mapping  their  locations,  the 
altitudes  here  noted  were  obtained  from  a  lai^e  scale  contoured  map  of 
Duluth  In  the  ofUce  of  Mr.  D.  A.  Beed,  the  city  engineer. 
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ITINERARY. 
DuriDg  the  last  week  in  June  and  the  first  in  July  the  writer 
accompanied  Prof.  N.  H.  Winchell  on  a  trip  along  the  north 
shore  of  lake  Superior  from  Grand  Marais  to  the  end  of  Pigeon 
point  and  return.  Quite  a  number  of  the  more  important  locali- 
ties along  this  shore  were  examined,  an  account  of  which  will 
be  given  by  Prof.  Winchell.  After  returning  to  Grand  Marais 
another  trip  of  ten  days  was  made  northward  and  northwest- 
ward, by  what  is  known  as  the  "Iron  trail,"  to  BrulS  lake  and 
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thence  to  Gunflint  lake,  where  a  week  was  spent  in  examining 
the  iron -bearing  rocks  in  T.  65-4.*  In  the  fii^t  part  of  August 
the  writer  participated  in  the  excursion  o(  the  Geological 
Society  of  America  through  the  mining  regions  ol  Michigan. 
On  returning  to  the  Seld  in  the  last  part  of  August  the  region 
of  Gunflint  lake  and  that  west,  south  and  east  of  this  lake  was 
examined,  and  data  were  obtained  for  a  geological  map  of  this 
region.  This  work  continued  until  the  early  part  of  October, 
when  a  few  days  were  spent  in  company  with  Messrs.  N.  H.  and 
H.  V.  Winchell  in  visiting  some  of  the  critical  exposures  near 
Tower. 

MAPPING  ACCOMPLISHED. 

At  the  beginning  of  the  season  the  writer  was  assigned  that 
part  of  Minnesota  lying  in  ranges  2-7  west  of  the  Fourth  prin- 
cipal meridian  to  map  geologically  and  topographically.  Of 
course  it  was  impossible,  with  the  time  and  assistance  allowed, 
to  cover  all  this  area  (over  1500  square  miles)  much  more  care- 
fully than  alteady  had  been  done;  consequently  that  part  lying 
between  T.  63  and  lake  Superior  waS'  neglected  and  the  work 
was  concentrated  on  the  rest  of  the  area. 

The  part  of  the  Mesabi  range  in  this  portion  of  the  state  was 
divided  into  three  divisions  (plates),  in  which  more  detailed 
work  was  done  than  on  the  rest  of  the  region,  and  in  each  di- 
vision the  vicinity  of  the  outcrop  of  the  iron  bearing  rocks  re- 
ceived more  attention  than  the  rest  of  the  plate.  These  plates 
and  their  approximate  areas  are  as  follows:  ' 

Plate  80.— Ts.  63-64,  Bs.  6-7;  144  square  miles;  Fraser  Lake  plate. 
Ptate8J.—T8.  64-65,  Rs.  4-5;  143  square  miles;  A keley  Lake  plate 
Plate  82,— Ta.  64-65,  Bs.  2-3;  TOl  square  miles;  QuntliDt  Lake  plate. 

The  amount  of  mapping  accomplished  is  outlined  in  the  two 
following  sections. 

I.  TorooRAPev. 

This  part  of  the  work  was  done  under  the  direction  of  the 
writer  by  Messrs.  C.  P.  Berkey,  L.  A.  Ogaard  and  Alex.  N.  Win- 
chell. Mr.  Berkey,  who  was  in  charge  of  this  work  during 
July  and  August,  was  in  the  field  from  June  26th  to  September 
2d;t  Mr.  Winchell  from  June  26th  to  August  26th;  Mr.  Ogaard 
from  Juno  26th  to  October  5th,  but  during  September  and 
October  considerable  of  his  time  was  devoted  to  other  duties. 

The  altitudes  of  all  the  principal  lakes,  and  of  a  large  num- 

•Id  this  paper  the  "BiiDge"  1b  always  wot  ot  the  FoQith  prlootpul  nieTldlsn. 

I  the  topography,   which 
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ber  of  the  smaller  ones,  were  ascertained  accurately  by  level- 
ling from  lake  Superior*  By  means  of  aneroid  barometers  and 
band  levels  data  were  obtained  for  the  drawing  of  contour 
lines,  which  are  flfty  feet  apart.  The  topographical  work  on 
that  part  of  the  Mesabi  range  mapped  by  the  above  mentioned 
party  is  mach  more  accurate  than  that  done  by  parties  of  the 
survey  further  west,  for  two  reasons;  first,  the  levels  of  the 
lakes  were  accurately  determined,  and  second,  these  lakes  were 
used  as  checks  on  the  aneroids  every  few  hours.  The  results 
of  the  work  of  1893  and  that  of  the  writer  for  1892  are  as  fol- 
lows: 

Plate  80. — Levels  of  most  of  the  lakes  by  barometrical  read- 
ings; location  of  the  prominent  bills;  very  little  accurate  con- 
touring.   This,  however,  is  an  unimportant  sheet, 

Plate  81. — Practically  complete,  excepting  some  of  the 
northwestern  part. 

Plate  82. — Practically  complete. 

In  the  region  south  of  these  plates,  except  in  the  vicinity 
of  BrulS  and  Ida  Belle  lakes  where  the  contouring  is  nearly 
complete,  very  few  data  have  been  obtained.  To  the  north  of 
these  plates  the  levels  of  almost  all  the  lakes  are  known, 
mostly  by  aneroid  readings,  and  some  contouring  has  been 
done.  The  hights  of  the  lakes  between  Gabemichigama  lake 
and  Ely  (by  way  of  Knife  and  Basswood  lakes)  were  obtained 
by  ievel-t 

II.    QEOLOOY. 

In  the  mapping  of  plates  80,  81  and  82  the  writer  found  Id 
necessary  to  go  over  the  entire  ground  anew  and  depended  but 
very  little  on  the  mapping  of  former  parties  of  the  survey,  as 
t^eir  work  was  more  in  the  nature  of  a  reconnaissance  than  of 
accurate  mapping.  In  addition  to  a  careful  survey  of  the  lake 
shores,  with  very  frequent  trips  inland,  nearly  all  north  and 
south  section  lines  were  followed  in  the  vicinity  of  the  iron- 
bearing  rocks  and  the  Animikie,  and  occasionally  sections  were 
crossed  one  to  four  times.  The  mapping  done  during  the  last 
two  seasons  and  some  in  1691  is  as  follows: 

Plate  80. — Practically  complete,  but  less  time  was  devoted  to 

*Tbe  levelling  wu  done  by  Uc.  L.  A.  Ogaard.  assUtod  by  Alei.  N.WlDobell.  The 
i>rli«rc&aTouttafortbeasre»adaccurttC7  wltb  wblcb  this  work  waadone,  Bometlmea 
under  decided lyembarraMliiitcl re umstanoe a. 

tTbe  higbta  ol  many  of  tbe  lalcee  and  polntalntbearea  herereporMd  on  can  be  found 
on  pages  2£-£i  of  Mr.  Warrea  Dpham's  report  la  tbls  rolume;  also  lu  the  raporl  of  Mr. 
C.  F.  Berker. 
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this  plate  than  to  the  others  as  it  is  very  largely  covered  by 
gabbro. 

Plate  61. — Practically  complete. 

Plate  S2. — Practically  complete. 

In  the  region  south  of  these  plates,  except  around  Bml^  and 
Ida  Belle  lakes  and  in  T.  62-6,  nothing  has  heen  accomplished 
since  the  publication  of  the  geological  map  in  bulletin  number  6. 
The  mapping  of  the  region  north  of  these  plates  is  practically 
complete.  Special  attention  has  been  given  to  the  vicinity  of 
Kekequabic  lake,  of  which  a  map  has  been  published  (see  the 
21st  Ann.Rept,pl.  I), and  to  the  outlines  of  the  Saganaga  granite 
(see  the  20tb  Ann.  Kept.,  pp.  83-95).  The  lakes  lying  between 
Ogishke  Muncie  and  Ottertrack  lakes  have  been  examined  and 
work  supplementary  to  that  of  the  former  parties  of  the  sur- 
vey in  this  region  has  been  done. 

SKETCH  OF  RESULTS  OF  GEOLOGICAL  WOEK. 
While  opportunity  has  not  been  had  for  a  careful  examination 
of  the  specimens  collected  during  the  last  two  years,  and  for 
the  preparation  of  a  report  on  this  region,  still  there  are  some 
points,  which  were  brought  out  by  the  field  work  and  some  lit- 
tle study  since,  that  are  sufficiently  clear  to  warrant  a  prelimi- 
nary statement  of  the  results  reached. 

r,    THE  KEEWATIN. 

The  lakes  south  of  Ottertrack  lake  in  T.  66-6  and  the  north 
half  of  T.  65-6  have  been  examined  and  the  rocks  found  to  be 
of  the  usual  Eeewatin  strata  with  some  areas  that  consist  of 
volcanic  tuff.  Large  and  beautiful  exposures  of  Ogishke  con- 
glomerate occur  on  the  shores  of  the  lake  in  S.  W.  ^  sec. 
36,  66-6. 

The  Keewatin  in  the  northern  part  of  the  southern  half  of 
Ts.  65-4  and  65-5  is  composed  almost  entirely  of  greenstone 
and  greenstone  schists.  Some  of  these  greenstones  showfrag- 
mental  materials  and  are  probably  of  the  nature  of  volcanic 
tuff,  while  other  parts  are  undoubtedly  massive  eruptives. 

The  outlines  of  the  Saganaga  granite  in  Minnesota  have  been 
traced,  and  abundant  evidence  has  been  found  to  show  the 
eruptive  nature  of  this  granite  in  the  Keewatin  rocks.  Part  of 
this  evidence  has  been  published*  for  the  western  edge  of  this 
granite  area,  and  during  the  last  two  years  facts  pointing  the 
same  way  have  been  noted  along  the  southern  edge  of  this 

*  U.B.  QFRiit.    aOtli  Ann.  B«pt.,  pp.  ra-es,  18B3.    Amer.  Oeol.,  rol.  x.  pp.l-lD.  ISM. 
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granite  where  it  comes  in  contact  with  the  greenstone.  The 
proofs  of  the  eruptive  iiature  of  the  granites  of  Saganaga.Keke- 
quabic  and  Snowbank  lakes  and  of  the  Giant's  range  have  been 
stated  before  by  the  writer,*  and  in  the  case  of  the  Keke- 
qaabic  lake  granite  the  matter  has  been  treated  in  some  detailf 
Mr.  J.  E,  Spurr,  who  has  been  at  work  for  the  survey  on  the 
Mesabi  range  west  of  the  Duluth  and  Iron  Range  railroad  dur- 
ing the  last  summer,  also  states  that  there  is  abundant  evidence 
of  the  intrusive  and  metamorphosing  nature  of  the  grEtnite  of 
the  Giant's  range  in  that  district^ 

It  frequently  happens,  that,  where  these  granites  come  in 
contact  with  the  surrounding  rocks,  schists  more  crystalline 
than  those  of  the  usual  Keewatin  occur.  To  these  more  crys- 
talline and  completely  crystalline  schists  the  Minnesota  survey 
has  applied  the  term  Vermilion,  which  is  regarded  as  a  synonym 
of  Dr.  A.  C.  LawBon's  Goutchiching.  The  Vermilion  rocks  have 
been  supposed  to  occupy  a  distinct  stratigraphical  position  be- 
low and  older  than  the  Keewatin.  The  writer  has  already 
called  attention  to  the  fact  that  in  the  region  of  the  Kawishiwi 
river  (Ts.  63-9,  63-10  and  63-11  W.)  there  seem  to  be  good 
reasons  for  not  separating  the  rocks  mapped  as  Vermilioa  from 
the  Keewatin.  §  During  the  field  work  of  the  past  two  seasons 
additional  facts  have  been  collected  concerning  these  more  crys- 
talline rocks  (Vermilion),  facts  sufQcient  to  justify  the  state- 
ments (1)  that  the  rocks  called  Vermilion  in  the  region  of  the 
writer's  field  work  are  not  necessarily  lower  in  the  geological 
scale  than  the  Keewatin,  but  that  they  occur  at  various  horizons 
in  the  Keewatin.  (2)  that  they  are  only  a  more  crystalline  con- 
dition of  these  same  Keewatin  rocks,  and  (3)  that  they  proba- 
bly owe  their  more  crystalline  nature  largely  to  their  close 
proximity  to  areas  of  intrusive  granite.  It  will  be  noticed  that 
the  Vermilion  rooks  as  mapped  usually  occur  between  areas  of 
Keewatin  and  granite;  in  this  connection  consult  especially 
plates  10  and  11  of  Bulletin  No.  10  and  the  geological  map  ac- 
companying Btdletin  No.  6.  And,  as  stated  above,  some  of 
these  granite  areas  are  known  to  be  intrusive,  and  very  proba- 
bly others  not  mentioned  above  are  of  the  same  nature.  The 
gradual  transition  from  the  Keewatin  to  the  Vermilion  rocks 
has  been  described  by  Messrs.  N.  H.,  A.  and  H.  V.  Winchell  in 

•  2ath  Ann.  BepU  pp.  3T-38.  ate..  1603. 

'    t  Slat  Add.  Sept.,  pp.  ST-Sft,  90-SJ.  ISM. 

*  Bull.  No.  Xp.  aiwi. 
ISOth  Ann.  Bep..  p.  »,  1803. 
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the  more  recent  and  annual  reports  of  the  survey  and  more 
especially  in  Bulletin  No.  6.  The  same  conclusions  in  regard 
to  the  relations  and  position  of  the  "Vermilion"  rocks  of  the 
western  Mesabi  iron  range  were  reached  independently  by  Mr. 
J.  E.  Spnrrf  during  the  last  summer. 

It  would  be  unwise  to  extend  these  conclusions  concerning 
the  "Vermilion"  rocks  in  the  areas  studied  by  the  writer  to  all 
similar  rooks  in  northeastern  Minnesota  and  western  Ontario; 
but  it  does  not  seem  improbable  that  these  conclusions  will  in 
the  future  be  found  to  apply  to  a  large  part,  if  not  to  the  whole, 
of  the  so-called  "Vermilion"  rocks  of  the  northeastern  part  of 
this  state. 

11.    IltOM-BEARISO  BOCKS  Of  AEELBY  LAKE. 

These  rocks  lie  upon  the  Keewatin  greenstone  to  the  north 
and  on  the  south  are  overlain  by  the  great  gabbro  mass.  They 
extend  in  a  narrow  belt  from  near  the  center  of  the  N.  i  sec.  27, 
65-4,  westward  nearly  to  the  western  edge  of  the  N.  i  sec.  34, 
65-5  (a  distance  of  about  six  and  a  half  miles).  West  of  this 
they  are  met  with  in  a  few  isolated  outcrops  near  the  northern 
edge  of  the  gabbro,  or  included  in  the  gabbro,  and  at  Birch 
lake  (T.  61-12)  apparently  the  same  rocks  reach  a  considerable 
development  and  have  been  exploited  for  iron  ore.  In  Ts,  65-4 
and  65-5  these  rocks  outerop  in  a  belt  from  300  to  1300  feet  in 
width,  and  the  dip  varies  from  almost  vertical  to  20  degrees 
toward  the  south,  the  average  dip  being  45-50  degrees.  Where 
the  belt  is  the  widest  the  dip  averages  about  30  degrees;  this 
would  make  a  thickness  of  650  feet,  which  is  probably  the  maxi- 
mum thickness  of  these  beds  in  the  vicinity  of  Akeley  lake. 

The  iron  ore  of  these  rocks  is  a  magnetate.  making  on  die 
average  a  rather  low  grade  bessemer  ore,  with  no  titanium. 
During  1892  and  1893  considerable  work  was  done  by  the  Gun- 
flint  Lake  Iron  Company  in  sections  28  and  29,  65^,  and  a  rail- 
road was  completed  from  Port  Arthur  to  their  headquarters  in 
sec.  28.~  A  number  of  test  pits  have  been  dug  and  two  shafts 
have  been  sunk,  the  deeper  of  these  is  ih  the  S.  E.  J  N.  W.  i 
sec.  28;  in  September,  1893,  it  had  reached  a  depth  of  112  feet. 
As  yet  no  ore  has  been  shipped  and  no  bed  of  any  considerable 
thickness  of  clean  ore  has  been  encountered,  although  by  sort- 
ing by  hand  a  fair  quality  of  ore  can  be  obtained. 

Prof.  N.  H.  Winchell  considers  these  rocks  to  belong  to  the 


^  Bull.  10,  p.  2.  and  tbe  eiplaDBtlOQa  to  plates  lO-lS. 
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lower  part  of  the  AnimikiG,"  while  Dr.  W.  S.  Bay  ley  has  in- 
cluded them  m  the  gabbro.f  In  this  preliminary  report  the 
origin  of  these  ore-bearing  rocks  and  their  relations  to  the  An- 
imikie  and  to  the  gabbro  will  not  be  discussed,  (See  remarks 
concerning  the  absence  of  a  basal  quartzyte  at  Gunflint  lake  on 
pages  74  75  of  this  report). 

III.    ANIUIKIE. 

During  the  season  of  1893  considerable  new  data  were  ob- 
tained concerning  the  Animikie  rocks  in  the  vicinity  of  Gunfltnt 
lake,  and  it  is  now  possible  to  construct  a  much  better  geologi- 
cal map  of  this  region  than  has  hitherto  been  published.  ^ 

The  Animikie  rocks  about  Gunfiint  lake  have  been  little  dis- 
turbed; they  dip,  with  local  exceptions,  at  an  angle  of  8  to  10 
degrees  a  little  east  of  south.  In  the  immediate  vicinity  of  the 
gabbro  the  dip  increases  and  as  the  slates  disappear  under  this 
rock  it  occasionally  reaches  20  to  30  degrees.  On  the  north 
side  of  .the  lake,  where  the  lower  beds  lie  upon  the  older  ver- 
tical crystallines,  there  has  been  some  gentle  bending  of  the 
later  rocks,  and  in  the  S.  i  sec.  21,  65-4,  is  a  sharp  synclinal,  on 
whose  southern  side  the  Animikie  slates  stand  almost  vertical. 
Faulu. 

The  country  is  made  up  of  parallel  ridges  trending  east  an4 
west.  On  the  south  side  of  each  ridge  gentle  slopes  occur, 
but  on  the  north  steep,  mural  descents  are  seen.  The  tops 
of  the  ridges  are  composed  of  diabase  sills,  which  usually 
cap  a  considerable  thickness  of  slates.  This  structure 
has  given  rise  to  the  idea  that  there  has  been  a  series  of 
monoclinal  uplifts  along  east  and  west  fault  lines,  the  down- 
throw occurring  on  the  north  side  of  each  fault.  While  this 
Idea  is  very  plausible  as  long  as  topography  alone  is  concerned, 
still  it  seems  to  find  little  or  no  confirmation  in  the  sequence  of 
the  strata.  The  Animikie  rocks,  as  stated  beyond,  can  be  read- 
ily divided  into  three  divisions,  and  each  division  is  well  char- 
acterized lithologically.  Such  being  the  case  it  would  be 
a  comparatively  easy  matter  to  recognize  any  member  if 
brought  out  of  its  normal  position  by  faulting,  but  in  no  in- 
stance has  the  writer  been  able  to  do  this.  There  seems  to  be 
good  evidence  that  no  great  faults  have  occurred,  although 
minor  ones  of  comparatively  small  throw  may  exist. 

MOth  Ann.  Bept.,  pp.  BZ-BO,  1888.    See  wpeclftllj'  BaUetlD  No.  6.  UOl. 
tlBtbAnn.  Sept.,  pp.  IM-2I0.  ISS!.    Joum.OtGsok  vol.  I.p.  BM.  1BB3. 
tThe  beat  m&p  ;et  UaueCI  la  that  by  living  and  Van  HIM  In  their  work  on  the  Peno- 
kee  range.  lOtb  Ann.  Rept.  D.  S.  Oeol.  Sur.,  pi.  xlll.  lUO;  and  Uod.  XIX,  pL  xxxTll.18(a, 
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Thickneaa  and  divisions. 

It  is  easy  to  separate  the  Animikie  rocks  at  Guofliat  lake  into 
three  well  marked  lithological  divisions,  and  perhaps  each  of 
these  can  l>e  subdivided.  Below  is  given  this  three  fold  divi- 
sion, with  the  estimated  miximum  thickness  of  each.* 

Theupper,  or  graywacke-alate,  member. — Composed  of  black  to 
gray  slates  and  fine  graywackes,  with  some  flinty  slates;  the 
upper  part  shows  coarser  detrital  matter,  and  the  highest  beds 
seen  are  fine  grained  quartzytes  and  quartz  slates.  Thickness 
1,900  feet 

The  middle,  or  black  slate,  member. — Composed  largely  of  black 
slates,  often  very  fissile,  and  apparently  carbonaceous.  At 
the  bottom  of  this  member  is  a  distinct  division  of  black  to 
gray  slates  which  are  fine 'grained,  siliceous  and  often  flinty; 
they  reach  a  thickness  of  some  60  feet.  They  are  as  distinctly 
marked  off  from  the  black,  carbonaceous  slates  above  as  from 
the  iron-bearing  rocks  below,  and  perhaps  might  be.put  in  a 
separate  member  by  themselves,  but  they  seem  to  be  distinctly 
differentiated  only  at  the  western  end  of  Gunflint  lake.  Thick- 
ness of  middle  member  1,050  feet 

The  lower,  or  iron-bearing,  member. — Composed  largely  of  jas- 
pery,  actinolitic,  siliceous  and  magnetitic  slates,  usually  quite 
'  thinly  laminated,  and  some  beds  of  cherty  carbonate  and  of 
lean  iron  ore.  The  presence  of  thin  bands  rich  in  magnetite  is 
a  very  characteristic  feature  of  this  member.  It  is  also  char- 
acterized by  greenish  to  reddish  siliceous  rocks,  often  spotted 
and  forming  jaspers;  to  similar  rocks  on  the  western  Mesabi 
range  Mr.  H.  V.  Winchellf  has  applied  the  name  "taconyte," 
and  Mr.  J.  E.  Spurrt  has  shown  that  they  were  originally  com- 
posed largely  of  glauconitic  greensands,  and  that  in  some 
cases  the  glauconite  still  remains.  Thickness  of  the  lower 
member  900  feet. 

The  quartzyte  (Pewabic)  and  conglomerate  found  at  the  base 
of  the  Animikie  farther  west  seem  to  be  entirely  lacking  in  the 
vicinity  of  Gunflint  lake.  This  statement  may  need  a  few 
words  of  explanation.  The  name  "Pewabic  quartzyte"  was 
proposed  for,  and  applied  to,  the  iron-bearing  rocks  of  Akeley 

■Tbeluweatot  tbese  dLvLsIoaioarre^p^ind^  to  the  "Iron- heart a)(  member."  and  tbe 
middle  and  upper  dlvlalons  lo  the  "upper  alMe  member,"  of  the  gealogioal  map  of 
Qanfllatlahe  published  b;  Irvlug  and  Van  Ulae:  lac.  cit. 

-IThe  HesabI  Ircn  raage:  !Olh  Aqu.  Kept.,  p.  134. 1898. 

tlbt  Iron-beaclDg  rocka  of  the  western  Ueaabl  range  In  Hlnoeiota;  Bull.  yo.  10,  ISM. 
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lake.*  Subsequently  this  term  has  been  applied  quite  exten- 
sively to  the  quartzyte  member  at  the  base  of  the  Animikie  on 
the  western  Mesabi  range,  so  that  now  the  term  Pewabic  usa- 
ally  refers  to  this  quartzyte,  which,  however,  in  the  Minnesota 
reports  has  been  considered  as  the  equivalent  of  the  iroil-bear- 
lug  rocks  of  Akeley  lake.  If  the  iron-bearing  rocks  of  Akeley 
lake  are  thus  put  at  the  base  of  the  Animikie,  there  seem  to 
the  writer  to  be  serious  objections  to  regarding  them  as  the 
basal  quartzyte  and  the  equivalent  of  the  quartzyte  of  the  west- 
ern Mesabi  range.  In  the  absence  of  anything  like  a  con- 
glomeratic base,  in  the  intimate  and  rapid  alternation  of  bands 
of  siliceous  and  ferruginous  material,  and  in  other  respects 
these  rocks  are  closely  analogous  to  certain  parts  of  the  iron- 
bearing  member,  and  it  is  to  this  member  that  the  writer  would 
refer  these  rocks,  if  they  belong  to  the  Animikie.  Moreover, 
in  the  Gunflint  lake  region  no  quartzyte  has  been  found  near 
the  base  of  the  Animikie  and  in  several  places  the  iron-bearing 
member  has  been  seen  lying  directly  upon  the  older  crystal- 
line rocks.  Consequently  it  is  stated  that,  so  far  as  known,  the 
basal  quartzyte  member  is  lacking  in  the  vicinity  of  Gunflint 
lake. 

As  is  stated  above,  the  uppermost  strata  of  the  Animkie  near 
Gunflint  lake  are  fine  grained  quartzyte  and  quartz  slates.  This 
increase  of  coarser  siliceous  material  in  the  higher  beds  of  the 
Animikie  is  quite  noticeable,  and  is  also  especially  well  shown 
in  the  vicinity  of  Pigeon  point,  north  coast  of  lake  Superior. 
At  the  latter  place  these  quartzose  beds  (Wauswaugoning 
quartzyte)  have  been  placed  at  the  base  of  the  Animikie  in  the 
recent  Minnesota  reports.f  There  seems,  however,  more  rea- 
son for  placing  the  Wauswaugoning  quartzyte  near  the  summit 
of  this  series  than  at  its  base,  and  for  considering  it  as  the 
probable  equivalent  of  the  quartzose  beds  at  the  top  of  the  An- 
imikie as  exposed  near  Gunflint  lake. 

In  the  above  estimates  of  the  thickness  of  each  member  the 
diabase  sills  have  been  included.  Their  exact  thickness  is  not 
known,  but  it  is  roughly  estimated  at  not  more  than  75  feet  for 
the  lower,  100  feet  for  the  middle,  and  250  feet  for  the  upper ' 
member.  The  following  figures  then  will  show  the  maximum 
thickness,  in  feet,  of  the  Animikie  at  Gunflint  lake,  the  esti- 
mate being  based  on  an  average  dip  of  not  more  than  10  de- 

•N.  H.  Wlochell;  »tb  Ann.  RepU  p.  M,  1688. 

-tSee  especially  the  "Table  of  Pre-SllaHsn  RdcIib."  facing  p.  4  o(  the  2lit  Ann.  Rept. 
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grees,  and  on  the  assumption  that  there  are  no  faults  which 
would  make  the  apparent  thickaess  greater  than  the  ^al: 

Sediments.  Diabase    Total. 
The  upper,  or  grajwacke-slate,  member...         1,650  250  1,900 

The  middle,  or  black  slate,  member 950  100  1,050 

The  lower,  or  IroD-bearlDg,  mejiber 825  75  900 

Total 3,425  425  3,850 

Igneous   Rocki. 

The  igneous  rocks  of  the  Animikie,  so  far  as  seen  by  the 
writer,  are  all  in  the  nature  of  intrusive  sills  or  dikes;  no  sur- 
face eruptions  have  been  recognized,  nor  has  any  evidence  of 
contemporaneous  volcanic  activity  been  noted  in  the  yiciuity 
of  Gunfliatlake.*  These  sills  are  composed  of  diabase  that 
varies  much  in  grain,  sometimes  being  very  coarse  in  the  cen- 
ter of  the  sills.  They  make  up  the  characteristic  ridges  of  the 
region  and,  as  far  as  surface  extent  is  concerned,  cover  per- 
haps a  third  of  the  area  of  the  Animikie,  although  their  aggre- 
gate thickness  is  much  less  than  one  third  that  of  the  whole 
series.  The  largest  and  most  prominent  sill  is  that  forming 
the  highest  land  between  Loon  and  GunSint  lakes  and  along 
the  south  shore  of  South  lake;  it  has  a  thickness  of  at  least  100 
feet 

The  sills  are  not  found  to  extend  into  the  gabbro,  nor  have 
the  two  rocks  been  seen  in  contact.  However,  the  gabbro  is 
cut  by  a  few  dikes  of  diabase  that  might  be  referred  to  the 
same  date  as  the  sills.  At  the  tims  of  the  gabbro  intrusion 
the  surrounding  rocks  were  probably  heated  considerably,  as 
the  gabbro  is  not  particularly  finer  grained  at  its  contact  with 
the  country  rocks;  but  in  the  case  of  the  sills,  even  of  the 
largest  ones  and  those  in  closest  proximity  to  the  gabbro,  both 
the  upper  and  lower  surfaces  where  seen  are  exceedingly  fine 
grained.  The  relative  ages  of  the  two  rocks  are  not  definitely 
determined  from  the  data  thus  far  obtained  about  Gunfiint  lake. 

IV.   THE  KEWEENAWAN. 

Gabbro  proper. 

The  great  gabbro  mass  of  this  region  was  examined  over  a 

considerable  extent  of  territory.     This  rock  is  found  to  vary 

somewhat  in  mineralogical  composition,  at  times  becoming,  as 

at  Little  Saganaga  lake,  almost  entirely  composed  of  feldspar, 

*Thle  agreea  well  vltb  Che  attitement  ot  Dr.  A.  0.  Ls»»OD  ounoernlng  the  absenoe  at 
volounia  actlvlt;  Id  tbe  Animikie;  Bulletin  No.  S,  p.  99. 1883.  He  proposes  for  these 
■tlU  tbe  term  "Logan  sills,"  Ibid.,  p.  48, 
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thos  forming  an  anorthosyte  petrographically  similar  to  those 
described  by  Dr.  A.  0.  Lawson  from  the  north  shore  of  lake 
Superior;*  again  it  becomes  exceedingly  rich  in  olivine,  this 
mineral  sometimes  making  up  half  the  rock  mass.f  The  gabbro 
was  found  to  Include  fragments  of  the  Animikie  slates,  and  it 
also  was  found  directly  overlying  and  in  contact  with  beds  of  the 
upper  member  of  the  Aaimikie.  This  gives  additional  proof  of 
the  post-Animikie  age  of  the  gabbro. 

Fine  grained  gabbro. 

Associated  with  the  coarse  grained  gabbro,  or  gabbro 
proper,  and  more  frequently  seen  near  its  northern  limit,  are 
finer  grained  rooks  which  vary  from  gabbros  and  olivine  gab- 
bros  to  norytes  and  olivine  norytes.  To  these  rocks  the  term 
"muscovado"!  has  been  applied.  They  are  basic  igneous  rocks 
and  are,  as  a  rule,  at  least  slightly  older  than  the  main  ma^s  of 
the  gabbro,  which  is  seen  cutting  and  including  fragments  of 
them. 

Acid  eruptives. 

In  Ts.  62-6,  63-5,  63-4,  63  3  and  in  the  southern  edge  of  T. 
64-2  are  extensive  exposures  of  reddish,  hombleudic,  granitic 
rocks.  These  make  the  highest  hills  of  this  region  and  these 
hills  often  form  the  water  divide  between  the  St.  Lawretace 
and  Hudson  bay  drainage.  These  rocks  are  undoubtedly  part 
of  what  Prof.  R.  D.  Irving  termed  the  augite  syenites  of  the 
Eeweenawan.g  but  as  yet  the  writer  has  found  no  augite  in 
them;  however,  in  most  specimens  examined  the  original  na- 
ture of  the  ferro-magnesian  constituent  cannot  be  determined. 
They  probably  represent  deep-seated  parts  of  the  magmas  that 
produced  the  extensive  flows  of  rhyolytes,  now  largely  apo- 
rhyoly tes,  \  and  other  acid  lavas  seen  about  the  Minnesota  coast 
of  lake  Superior,  especially  at  the  Great  Palisades  and  also  at 
other  points  along  this  shore. 

On  approaching  one  of  these  areas  of  granitic  rocks  from  the 
north  a  few  small  acid  dikes  are  seen  in  the  gabbro.  These 
increase  in  frequency  and  size  on  coming  nearer  to  the  central 
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maes  of  granite,  and  at  the  edge  of  this  mass  apophyses  can 
be  traced  directly  from  the  granite  into  the  gabbro.  This 
statement  holds  true  for  the  relations  of  the  gabbro  and  these 
granitic  roclcs  as  far  as  seen  in  the  region  here  reiwrted  on. 
The  dikes  are  not  particularly  finer  grained,  either  as  a  whole 
or  at  their  edges,  than  the  granite  of  the  main  mass,  thus  in- 
dicating the  heated  condition  of  the  gabbro  when  the  dikes 
were  intruded.  From  this  and  from  the  relation  of  these  two 
rocks  in  other  places  it  seems  likely  that  the  granite,  while  of 
a  later  date  than  the  gabbro,  still  is  not  much  younger  and 
perhaps  was  intruded  before  the  complete  solidification  of  the 
basic  rock. 
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CONTENTS. 

Page. 

North  shore  of  lake  Superior 79 

TowQshf p  65  Dorth,  range  4  west 79 

IroQ  regions  of  Hlcbigao 80 

Duluth 81 

Townships  64  and  65  north,  ranges  2,  3,4  and  5  west 81 

Railroad  on  north  side  of  Gunflint  lake 85 

Ely  and  Tower. 86 

An  opportuQity  has  not  been  offered  for  the  study  of  these 
rocks  since  they  were  collected;  consequently  the  names  are  to 
be  regarded  only  as  approximately  correct.  This  list  is  a  con- 
tinuation of  that  ending  on  page  67  of  the  twenty-first  annual 
report.  The  specimens  in  this  series  are  numbered  in  green 
and  can  thus  be  distinguished  from  those  of  any  other  series  of 
the  survey  or  museum- 

NORTH  SHORE  OF  LAKE  SUPERIOR. 

894.  Dark  reddish,  blotched  amygdaloid.  Point  In  S.  W.  ^ 
S.  W.  i  sec.  33,  63-3  E. 

895.  Dark  olivine  diabase  ("black  trap").  Center  of  W.  i 
W.  i  sec.  20,  62-4  E.,  Chicago  (or  Sickle)  bay.  Same  as  1811 
N.  H.  W. 

TOWNSaiP  65  NORTH,  RANGE  4  WEST. 

896.  Pine  grained,  gray  gabbro.  S.  W.  i  S.  E.  J  sec.  27,  at 
the  Y  of  the  railroad. 

897.  White  pegmatyte,  from  veins  or  dikes  in  the  last. 

898.  Fine  grained,  gray  gabbro,  2  inches  from  contact  with 
slate.     N.  W.  ^  3.  E.  ^  sec.  27,  in  railroad  cut. 
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899.  Coarse,  gray  gabbro,  2  feet  from  contact  with  slate. 

900.  Fine  grained,  micaceous  schist  (altered  slate),  6  inches 
from  contact  with  gabbro. 

901.  More  micaceous  facies  of  the  last,  6  inches  from  con- 
tact with  gabbro. 

902.  Fine  grained  diabase  from  dike  in  gabbro;  the  speci- 
men shows  one  edge  and  about  half  the  width  of  the  dik&  S. 
E.  i  N.  W.  i  sec.  27,  in  railroad  cut. 

903.  Small  dikes  of  diai>ase,  i  to  1}^  inches  wide,  in  green- 
stone.    N.  W.  i  S.  E.  i  N.  W.  i  sec.  28,  in  railroad  cut. 

904.  Impure,  magnetitic  quartzyte  with  films  of  hisingerite. 
S.  W.  i  N.  E.  i  sec.  29.  65-4,  shaft  2,  Akeley  lake. 

905.  Graphitic  rock.     Same  place. 

906.  Aetinolitic  rock  holding  pieces  of  "quartz  and  a  gray 
eherty  rock.  S.'.W.  corner  of  N.  W.  J  N.  W.  J  sec.  27;  from 
the  "nickel"  pit^ust  S.  of  the  wagon  road. 

907.  Some  of  this  gray  eherty  rock.     Same  place. 

908.  Fine  grained,  black,  carbonaceous  rock.  Hill  in  the  S. 
E.  J  N.  E.  i  N.  E.  i  sec.  26,  just  south  of  the  railroad. 

909.  Fine  grained  diabase.  N.  E.  ^  S.  E.  i  sec.  24,  just 
north  of  the  wagon  road. 

lUON^REGIONS  OF  MIOHXGAN. 

910.  Recompose^jasper  of  Upper  Huronian.  Millie  mine. 
Iron  Mountain. 

911.  Potsdam  quartzyte  showing  quartz  enlargements.  Iron 
Mountain. 

912.  Lower  Huronian  magnetite-actinolite  schist.  Republic. 
918.     Lower  Huronian  quartzyte  near  base  of  this  formation. 

Republic. 

914.  Quartzose  pebble  from  basal  conglomerate  of  the 
Lower  Huronian.     Republic. 

915.  Jaspery  conglomerate  at  base  of  Upper  Huronian. 
Goodrich  mine,  near  Ispheming. 

916.  Impure  quartzyte  at  base  of  Lower  Huronian.  Near 
Ishpheming. 

917.  Greenstone  of  ;the  Basement  Complex.  Near  Ispbem  ■ 
ing. 

918.  Carbonate  rock  of  Lower  Huronian.     Near  Ispheming. 

919.  Volcanic  ash  of^Upper  Huronian.     Near  Ironwood, 

920.  Cherty  carbonate  of  the  Upper  Huronian.  Palm  mine, 
near  Bessemer. 
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921.     Carbonate  changing  to  ore,  Upper  Huronian.     Black 
river,  east  of  Bessemer. 
932.    Granite  of  Basement  complex.    Near  Bessemer. 

923.  Becomposed  portion  of  the  same  forming  a  conglomer- 
ate that  rests  on  the  granite. 

924.  Chert  with  "bands  and  shots  of  ore."  Colby  mine, 
Bessemer. 

DDLUTH. 

9Ji5  Very  fine  grained,  black  rock.  Crossing  of  Piedmont 
and  Lake  avenues. 

926.  The  same  showing  irregularly  outlined,  foreign  pieces. 

927.  Same  as  the  last. 

928.  The  same  with  yellowish',  vein-like  forms. 

TOWNSHIPS  64  AND  65  SOBTH,    RANGES  2,  3,  4,  AND  5  WEST. 

929.  Coarse,  vitreous  quartzyte.  N.  E.  J  N.  E.  ^  sec. 
34,  65-5. 

9S0.  Finely  laminated  magnetite  and  impure  quartzyte.  N. 
W.  i  N.  W.  i  sec.  35,  65-5. 

931.  Coarse  diabase  (or  gabbro)  from  center  of  sill.  Pore- 
age  in  N.  i  N.  W.  i  sec.  35,  65-5. 

931  A.    Finer  diabase,  4  inches  from  top  of  same  sill. 

932.  l)iabase  from  center  of  dike  in  gabbro.  Just  north  of 
the  small  island  in  N.  E.  \  S.  E.  J  sec.  34.  65-5,  Kakigo  {or 
Black  Trout)  lake. 

933.  Fine  grained;  gray  gabbro.  N.  E.  i  N.  E.  J  sec.  12. 
64-5,  Big  Round  lake. 

933A.    The  same  ia  contact  with  coarse  gabbro. 

934.  Biotite  granite  from  dike  in  gabbro.  Near  W.  quarter 
post  of  sec.  7,  64-4,  point  in  Big  Round  lake. 

935.  Fine  grained,  olivine  gabbro.  S.  E.  J  B.  W.  J  sec.  6, 
64  4,  Big  Round  lake. 

936.  Diabase  from  center  of  dike,  8  feet  wide,  in  gabbro.  S. 
E.  J  S.  W.  i  sec.  8,  64-4,  Big  Round  lake. 

936A.     Diabase  and  gabbro  in  contact.     Same  place. 

936B,     Film  of  diabase,  }  inch  wide,  in  gabbro.  Same  place. 

937.  Gabbro  with  a  green  stain.     N.  W.  i  S.  E.  i  sec.  9,  64- 

4,  north  shore  of  Little  Copper  lake. 

938.  Pine  grained,  gray  granite.     Near  west  edge  of  S.  W.  i 

5.  W.  i  sec.  16,  64-4, 

939.  Fine  grained,  olivine  gabbro.  N.  W.  corner  of  S.  W.  i 
N.  W.  i  sec.  5,  64-4,  south  shore  of  small  lake. 
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940.  Slaty  greenstone-  A  few  rods  south  of  the  west  quar- 
ter post  of  sec.  22,  65-4. 

941.  Gray  syenite.     West  quarter  post  of  sec,  22,  65-4. 
941A.     The  same.     Same  place. 

942.  Grain  syenite  and  greenstone  in  contact.  N.  J  S.  W,  J- 
sec.  22,  65-4. 

948.  Magnetite  iron  ore  from  a  bed  3  feet  thick  and  about 
110  feet  below  the  surface.  Shaft  1.  S.  E.  i  N.  E.  i  sec.  28. 
65-4. 

944.  Quartzyt«.  below  gabbro  sill.  S.  W.  i  S.  E-  i  N.  E.  i 
sec.  29,  65-4,  within  a  few  rods  of  Akeley  lake. 

945.  Pine  grained  gabbro  within  six  inches  of  bottom  of  sill. 
Same  place. 

946.  Coarse  gabbro  from  center  of  sill.     Same  place. 

947.  Quartzyte  above  gabbro  sill.    Same  place. 

948.  Gabbro.  S.  W.  i  N.  E.  i  sec.  29,  65-4.  ibe  most  east- 
em  island  in  Akeley  lake. 

949-  Gabbro  from  sUl  in  quartzyte.  S.  E.i  N.  E  J  sec.  28. 
65-4.  railroad  cut 

950.  Cherty  carbonate.     S  i  N-  W.  i  N.  E.  J  sec.  24,  65-4. 
950A.    A  rusted  phase  of  the  same. 

951.  Coarsely  porphyritic  diabase.  S.  E.  i  N.  W.  i  sec.  19. 
65-3,  railroad  cut  just  west  of  the  narrows  of  Gunfliut  lake. 

952.  Diabase.  Near  south  side  of  S.  W.  i  X.  W.  i  sec.  19. 
65-3,  railroad  cut,  north  side  of  Animikie  bay,  Gunflint  lake. 

953.  Contact  of  lower  edge  of  diabase  sill  and  slate.  Near 
north  side  of  N.  E.  i  S.  E.  i  sec-  24,  65-4,  railroad  cut  at  head 
of  Animikie  bay,  Gunfllnt  lake. 

954-    Flinty  band  in  slata.    Near  same  place- 

955.  Diabase.     Near  same  place. 

956.  Calcareous  deposit  on  face  of  cliff.  S.  W.  i  N.  E.  i 
sec.  24,  65-4,  east  end  of  large  hill. 

*     957.    Conglomeratic  portion  of  the  slate.  Same  place,  at  foot 
ofhill- 

958.  Breccia  cemented  by  green  amphibole.  Same  place, 
top  of  hill, 

959.  Peculiar  markings  on  surface  of  slate.  Same  place, 
about  half  way  up  the  hill. 

960.  Black,  flinty  slate.  S.  W.  i  S.  E.  i  sec.  24,  65-4,  cliff 
on  south  shore  of  Cross  river. 

960A.     Another  phase  of  these  slates.     Same  place. 

961.  Black  carbonaceous  rock,  scratched  side  is  on  line  of 
contact  between  slate  and  this  rock. 
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961A.    Slate,  scratched  side  is  oa  line  of  same  coutact. 
961B.     Black  carbonaceous  rock,  30  inches  above  contact. 
961C.     Same,  15  feet  above  contact. 

962.  Black  carbonaceous  slate.  Near  center  of  N.  i  sec  30, 
65-3,  south  shore  of  Guoflint  lake.- 

963.  Black  carbonaceous  rock  showing  peculiar  markings. 
Top  of  hill  in  N.  W.  i  N.  E.  i  sec.  25,  65-4. 

984.     Diabase  from  dike.    N.  W.  i  N.  E.  i  sec.  25.  65-4. 

965.  Biotite  gabbro.  Near  center  of  west  side  of  S.  W.  i 
sec.  25,  65-4. 

965A.     A  phase  of  the  same.     Same  place. 

966.  Gabbro.     Near  center  of  S.  i  sec.  25,  65-4. 

967.  Coarse  grained  diabase.  18  feet  above  contact  with 
slate,  top  of  cliff.     S.  E.  i  N.  E.  i  sec.  29,  65-3. 

967A.    Fine  grained  diabase,  10  inches  above  contact. 

967B.     Fine  grained  diabase,  5  inches  above  contact. 

9670.  Fine  grained  diabase  at  contact;  the  side  on  the  con- 
tact is  scratched. 

g67D.     Slate  at  contact. 

967E.     Slate. 

967P.  Slate.  The  upper  surface  of  these  specimens  of  slate 
are  scratched;  these  pieces  were  in  contact  with  each  other. 

968.  Hard  siliceous  slate.  Near  east  edge  of  N.  E.  J  S.  E  J 
sec.  25,  65-4,  100  yards  S.  W.  of  the  road. 

969.  Slate,  15  feet  below  contact  with  gabbro.  Near  center 
of  S.  E.  i  sec.  25,  65-4. 

969A.    Slate.  4  feet  below  contact. 
969B.     Slate,  3  feet  below  contact. 
969C.     Contact  of  slate  and  gabbro. 
969D.     Gabbro,  1  foot  above  contact. 
969E.     Gabbro.  25  feet  above  contact. 

970.  Spotted,  black,  carbonaceous  slat«.  S.  E.  i  S.  W.  i 
sec.  29,  65-3,  north  or  lower  cliff  of  Prospect  mount. 

971.  Gray,  cherty  rock  from  bed  9  inches  in  thickness. 
Same  place. 

972.  Siate  spotted  with  small  white  crystals.  S.  E.  i  S.  W. 
i  sec.  29,  65-3,  main  cliff  of  Prospect  mount. 

973.  Fine  grained  black  rock  with  small  blotches.  Same 
place. 

974.  Black  slate,  one-half  inch  from  lower  surface  of  diabase 
sill.     Same  place. 

974A.     More  fissile  slate,  10  inches  below  sill. 
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975.  Coarse  grained  diabasa    N.  E.  J  N.  W.  J  sec.  32, '65-3, 
top  of  Prospect  mount. 

976.  Gabbro?    N.  E.  J  N.  B.^i  sec.  31,  65^3. 

977.  Coarse  grained  porphyritlc  diabase.     Sec.  27,  65-3, 
north  shore  of  Lioon  lake. 

977A.    Coarse  grained  diabase,  not  porphyritic.  Same  place. 

978.  Pine  grained  siliceous  slate.     S.  W.  i  N.  E.  i  sec.  32, 
65-3,  southwest  corner  of  Loon  lake. 

979.  Gabbro.     Top  of  ridge  at  same  place. 

980.  Fin©  grained,  gray  quartzyte.    Near  center  of  N.  J  sec. 
35,  65-3,  north  shore  of  point  in  Loon  lake. 

980A.    Same,  banded  with  black  slate.    Same  place. 

981.  Spotted  black  slate.   "West  line  of  sec.  27.  65-3,  a  short 
distance  north  of  the  quarter  post. 

982.  Dark  siliceous  slate,  one  inch  below  diabase  sill.  S.  E. 
i  N.  "W.  i  sec.  35,  65-3.  hilt  on  point  in  Loon  lake. 

983.  Gabbro.     Near  center  of  E.  i  sec.  32,  65-3,  near  south- 
west comer  of  Loon  lake. 

983A.     Fine  grained,  biotitic  rock.     Near  same  place. 
983B.    Siliceous  slate.    Near  same  place. 

984.  Pine  grained,  reddish  weathering,  gray  quartzyte.    N. 
^  N.  E.  i  S.  E.  i  sec.  32,  65-  3,  near  southwest  end  of  Loon  lake. 

985.  GabbroV    A  few  rods  south  of  the  last. 

986.  Gabbro?    West  line  of  sec.  34,  65-3,  one-fourth  mile 
south  of  Loon  lake. 

987.  Mottled  dioryte.    N.  W.  i  S.  E,  i  sec.  34, 65-3,  on  road. 

988.  Gabbro.     N.  W.  i  S.  E.  1  sec.  35,  65-3.     Between  road 
and  Loon  lake. 

989.  Olivine  gabbro  interbanded  with  coarser  gabbro.     S. 
W.  i  N.  W.  i  sec.  11,  64-3. 

989A.     Coarser  gabbro.     Same  place. 

990.  Gabbro.    8.  W.  i  sec.  Jl.  64-3,  south  shore  of  lake. 

991.  Gabbro.     S.  E.  i  N.  E.  i  sec.  11,  64-2,  Poplar  lake. 

992.  Diabase.    N.  E.  i  N.   W.  i  sec  34,  65-2,  top  of  hill  at 
east  end  of  lake  Emma. 

992A.     Fine  grained,  porphyritic  diabase.      North  side  of 
same  hill. 

993.  Micaceous  schist.  N.  W.  i  N.  E.  J  sec.  34,  65-2,  portage 
between  No-Name  lake  and  lake  Emma. 

994.  Diabase.     West  line  of  sec.  36.  65-2,  500  feet  south  of 
No-Name  lake. 

995.  Coarse  grained,  gray  diabase.     N.  E.  i  S.  E.  ^  sec.  35, 
65-2,  north  shore  of  No-Name  lake. 
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996.  Fine  grained,  gray  quartzyte,  scratched  side  was  one- 
quarter  inch  below  diabase  sill.     Near  center  of  sec.  27,  65-2. 

996A.    The  same,  13  inches  below  diabase  sill. 

997.  Diabase.  N.  E.  i  S.  W.  J  sea  22,  65-2,  north  shore  of 
South  lake,  jast  west  of  tbe  International  Boundary  portage. 

997A.    A  phase  of  the  same.    Same  place. 
.998.     Fissile,  black,  carbonaceous  slate.    S.  W.  J  S.  E.  J  sec. 
21,  65-2,  west  end  of  South  lake. 

999.  Fine  grained  diabase  showing  effects  of  weathering. 
N.  W.  i  N.  W.  i  sec.  25,  65-2,  portage  leading  south  from 
South  lake. 

1000.  Breccia  of  black  slate.  A  short  distance  north  of  the 
S.  E.  corner  of  see.  24,  65-2.  south  of  South  lake. 

1001.  Diabase.  W.  ^  sec.  22,  65  2,  portage  between  North 
and  South  lakes. 

1002.  Cherty  carbonate  with  rusty-weathering  areas;  not  in 
place.     Sec.  21.  65-2,  North  lake. 

1003.  Jasper.  Near  center  of  N.  E.  J  sec.  16,  65-2  south 
shore  of  narrow  arm  of  North  lake. 

1003A.    Jasper  with  green  and  red  granules.    Same  place. 
1003B.     Gray  rock  with  granules,  associated  with  the  jasper. 
Same  place. 

1004.  Fragments  of  red  jasper,  with  granules,  from  the 
beach;  not  in  place.  South  shore  of  North  lake  just  east  of 
the  portage  to  South  lake. 

1005.  Green  rock  with  granules.  Pits  in  N.  W.  i  S.  W.  J 
sec.  16,  65-2. 

1005A.  A  more  flinty  phase  of  the  same. 

1005B.  A  rusted  phase  of  the  same. 

1005C.  Black  flinty  rock. 

1005D.  Finely  banded  jasper  and  magnetite. 

1005E.  Mftgnetite  iron  ore. 

Railroad  on  north  aide  of  Qunfiint  lake. 
.  1006.     Flint.     A  short  distance  west  of  the  rapids  between 
North  and  Gunflint  lakes.     Noa.  1006  to  1007O  belong  to  the 
Animikie. 

1007,  Contact  of  diabase  and  flint. 
1007 A.    Gray  branded  flint. 
1007B.    Finely  banded  jasper. 

1007C.     Cberty  carbonate,  changing  to  limonite. 

1008.  Sheared  quartz  porphyry.  Nos.  1008  to  1008C  be- 
long to  the  Keewatin. 
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1008A.    The  same  Bhowiag  weathered  Burface. 
1008B.    The  same  showing  contact  with  a  QOs-porphyritic 
rocli. 
1008C.     ArgiUyte. 

ELY  AND  TOWER 

1009.  Altered  diabase.     Ely. 

1010.  CJoarse  qoartzose  rock.     South  of  Stuntz  bay,  Vermil- 
ion lake. 

1011.  Matrix  of  conglomerate.     Just  south  of  western  side 
of  Stuntz  bay,  Vermilion  lake. 

lOllA.     Pebbles  from  the  same. ' 

1012.  Sericitic  schist  with  quartz  grains.      Ely  island,  Ver- 
milion lake. 

1013.  More  massive  form  of  the  same.     Same  place. 

1014.  Augite  porphyryte  ?,  showing  one-half  the  width  of  a 
dike.     Same  place. 

1014.  The  same,  from  a  point  where  the  dike  was   S  feet 
wide;  center  otjdike. 

1015.  Greenstone-    Just  south  of  Tower. 

1016.  Jasper  with  fine  white  veins.    Tower. 
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VI. 

LIST   OF    ROCK  SAMPLES  COLLECTED  IN  1893* 


BY  A.  D.  MEEDS. 


These  samples  were  collected  in  ranges  IS  to  15  (inclusive) 
west  of  the  Fourth  principal  meridian,  and  between  lake 
Snperior  and  the  Vermilion  iron  range.  No  examination  in 
the  laboratory  has  been  made  of  these  rocks,  so  the  designa- 
tions are  only  approximately  correct.  Rocks  of  this  series  are 
numbered  in  white,  each  number  followed  by  the  letter  M,  to 
distinguish  them  from  the  other  series  of  the  survey  and 
museum. 

1.  Medium  grained  gabbro.    B.  line  of  sec.  36,  61-12. 

2.  Very  fine  grained  gabbro,  with  black  lines.  E,  line  of 
sec.  8,  60-12. 

2a.    Crystallized  quartzyte.    Same  place. 
2b.     Same  as  No.  2.     Same  place. 

3.  Red,  hornblende  granite.  Center  of  N.  i  sec.  10,  61-13; 
north  shore  of  Stuntz  lake. 

4.  Gray,  hornblende  granit^.  Near  S.  E.  corner  sec.  15, 
61-13;  south  shore  of  Stuntz  lake. 

4a.     Phase  of  the  same.     Same  place. 

4b.     Granite.     Same  place. 

4c.    Pinkish  granite.    Same  place. 

4d.     Very  fine  grained,  gray  granite.     Same  place. 

5.  Bather  fine  grained,  olivine  gabbro.  W.  line  of  sec.  25, 
61-12,  near  quarter  post. 

6.  Pine  grained,  olivine  gabbro.  N.  E.  J  S,  W.  i  sec.  10, 
60-12;  end  of  portage  on  Dunka  river. 


u  orepared  from  Ur.  Meedi'  epeclmeDB  and  not«  books  b;  I) 
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7.  Pine  grained,  magaetic  quartzyte.     W.  line  of  sec.  17, 
60-12. 

7a.    The  same  showing  pitted,  weathered  surface.     Same 
place. 

8.  Mica  schist.    S.  E.  i  S.  E.  i  sec.  35.  60-13. 

9.  Coarse  grained  gabbro,     N.  W.  J  N.  W.  J  sec  6,  59-12. 

10.  Magnetic  iron  ore.     W.  side  of  N.  W.  i  N.  W.  ^  sec.  14. 
_  59-14. 

11.  Phase  of  the  same.    Same  place. 

12.  Hard  hematite.     N.  E.  ^  sec.  11,  59-14;  Mallmann  mine. 

13.  Hard  hematite.     Sec.  18.  59-14;  Stone  shaft 

14.  Impure  hematite.     Near  same  place. 

15.  Quartzyte.     Aurora  pit;   probably  in   S.    E.   J  N.  E.  i 
sec.  24,  59-15,     (Missing). 

16.  Fine  grained  quartzyte.     Near  N.  line  of  sec  24,  59  15. 

17.  Pinkish  gabbro  from  boulder.     Sec.  24,  58-12;  island  in 
Seven  Beaver  lake. 

18.  Gabbro.    S.  W.  i  S.  E.  i  sec.  31,  54-13. 
18a.    The  same  with  magnetite.     Same  place. 

19.  Olivine  gabbro.     N.  W.  J  N.  W.  i  sec.  15,  54-13;  end  of 
portage  on  Cloquet  river. 

19a.     Phase  of  the  same  with  much  olivine.    Same  place. 

19b.     Phase  of  the  same.     Same  place. 

19c.    Rough -weathering  phase  of  the  same.     Same  place. 

20.  Olivine  gabbro.     Near  north  edge  of  N.  W.  J  sec.  15,   . 
54-13;  middle  of  portage  along  Cloquet  river. 

21.  Pine  grained,    micaceous  quartzyte.      Sec.  18,   59-U; 
Stone  mine. 

22.  Jaspery  conglomerate.    Same  place. 

23.  Micaceous  slate.     Same  place. 

24.  Limonitic  shale.     Same  place,  top  of  shaft. 

25.  Magnetic     taconyte.     Below  last. 

26.  Dark,  slaty  taconyte.     Same  place. 

27.  Jasper.     Bottom  of  shaft 

27a.     Purplish  taconyte.     Bottom  of  shaft. 

28.  Siliceous  shale.    N.  E.  of  shaft. 

29.  Hornblende  granite-     Near  Hinsdale. 

30.  Pine  grained  diabase  from  dike.     N.  edge  of  N.  E.  i 
N.  E.  J  sec.  24,  55-12. 

30a.     Quartzleas  porphyry.     Same  place. 

31.  Gabbro  near  dike.     Same  place. 

32.  Reddish,  mottled  dioryte.     Same  place. 

33.  Contact  of  diabase  and  gabbro.    Same  place. 
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34.  Mottled  dioryte  from  another  dike.     E.  edge  of  N.  E.  J 
S.  E.  i  sec.  24,  55-12. 

35.  Olivine  gabbro  from  boulder.     N.  W.  J  sec.  24. -55-12. 

36.  Fine  grained,  red  syenite.    W.  line  of  sec.  23,  58-13;  in 
creek  bed. 

37.  Fine  grained,  red  syenite.    S.  line  of  sec.  36,  53-12. 
37a.     Phase  of  the  same.     Same  place. 

38.  Pine  grained,  red  syenite,  not  in  place.     Near  Highland. 

39.  Dioryte.     N.  W.  J  N.  W.  i  sec.  34,  53-12. 

40.  Coarse  grained,  olivine  gabbro.    N.  line  of  sec.  5,  54-13. 

41.  Coarse  grained  gabbro  from  boulder.      A  little  west  of 
the  last. 

42.  Coarse  grained  gabbro.      N.  E.  i  N.  E.  J  sec.  30,  58-14; 
southeast  shore  of  Boulder  lake. 

43.  Coarse  grained  gabbro  with  long,  slender  feldspar  crys- 
tals.    N.  E.  i  sec.  18,  53-13;  falls  in  Cloquet  river. 

44.  Anorthosyte  from  boulder-  S.  E,  J  S.  E.  i  sec.  19,  53-13; 
dam  in  Cloquet  river. 

44a.     Phase  of  the  same  with  darker  areas.     Same  place. 

45.  Coarse  grained  gabbro.      N.  E.  \  sec.  36,  53-14;  rapids 
in  Cloquet  river. 

46.  Olivine  gabbro.    S.  E.  i  sec.  35,  53-14;  falls  in  Cloquet 
river. 
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VII. 

PRELIMINARY  REPORT  OF  A  RECONNOISSANCE 

IN  NORTHWESTERN  MINNESOTA  DURING 

1893. 


BY  J.  E.  TODD. 


ITINERAKY. 


Having  been  met  by  my  assistant.  Mr.  H.  B.  Hovland,  at 
Minneapoll8,  we  left  that  city  June  22d  for  Thief  River  Palls. 
At  that  place  I  engaged  Mr.  J.  C.  O'Brien,  an  experienced 
"cruiser,"  to  accompany  us  on  a  trip  on  foot  through  the 
northern  parts  of  the  Red  Lake  lodian  Reservation,  completed 
my  outfit,  and  engaged  an  experienced  hunter  to  take  us  with 
his  team  to  an  old  hunting  camp  about  thirty  miles  northeast 
of  Thief  River  Palls.  My  purpose  was  to  keep  a  northeast 
course,  if  possible,  till  we  struck  the  survey  of  the  Duluth  and 
Winnipeg  railroad,  and  then  to  explore  the  so-called  "Beltrami 
island  of  lake  Agasslz.  "* 

We  left  Thief  River  Falls  June  26th,  and  Cook's  shanties  in 
N.  W.  i  of  see.  19,  T.  156,  R.  3fl  (the  before  mentioned  hunter's 
camp)  on  the  morning  of  the  28th.  We  kept  a  northeast  course 
as  nearly  as  was  practicable  in  trackless  swamps  and  for  many 
miles  through  wind-falls  where  we  did  well  if  we  advanced  five 
miles  a  day.  Besides,  we  lost  some  time  on  account  of  rain. 
Failing  to  find  the  railroad  survey,  probably  because  its  trace 
was  obliterated  by  fire,  we  kept  our  course  till  we  struck  the 
Rainy  river  about  five  miles  above  its  mouth,  July  12th.  Hav- 
ing there  built  a  raft,  we  descended  the  stream  till  we  found 
settlers.  At  Hungry  Hall  we  Iwught  a  new  birch  canoe  and 
proceeded  to  the  Lake  of  the  Woods  and  along  its  southern 
shore  to  Long  point.     Thence  we  retraced  our  course,  going 

•IVarrea  Upham.  In  American  QeolOglBt,  vol.  il,  pp.  123-429,  Juae.  ISOS. 
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Up  the  Rainy  river  to  Pinewoods  P.  O.,  where  we  took  the 
steamer  "Shamrock"  to  the  mouth  of  the  Big  fork,  proposing 
to  ascend  it  and  the  Sturgeon  river,*  its  main  western  branch, 
to  a  portage  into  the  Tamarack  river,  which  we  should  descend 
and  then  cross  Red  lake  to  the  Red  Lake  Agency.  OwiDg  to 
misinformation,  we  ascended  the  wrong  one  of  the  numerous 
branches  of  the  Sturgeon  river,  and  somewhat  rashly  aband- 
oned our  canoe  not  far  from  the  northwest  comer  of  T.  154,  R. 
27.  Taking  our  packs,  we  traveled  southwest  and  west  to  the 
south  branch  of  Tamarack  river,  made  a  raft  but  found  the 
stream  closed  by  the  work  of  beavers,  and  then,  striking  a 
recent  laud  survey  near  the  southwest  corner  of  sec.  24,  T.  154, 
R.  29,  we  followed  it  due  west  from  there  to  Red  lake  a  little 
south  of  the  mouth  of  the  Tamarack  river.  We  arrived  at  Ihe 
Indian  village  at  "the  Narrows"  the  morning  of  August  3d, 
hired  a  canoe,  and  reached  Red  Lake  Agency  late  August  4th. 
Here  Mr.  O'Brien  left  us,  we  bought  another  canoe,  and  hired 
au  Indian  to  take  us  and  our  outfit  in  a  wagon  to  the  head  of 
Turtle  lake,  the  spot  which  Beltrami  considered  the  hydro- 
graphical  center  of  the  continent.  We  were  landed  at  this 
point  about  noon,  August  8th. 

We  proceeded  down  Turtle  river  (making  two  long  portages 
above  Turtle  River  lake)  to  Cass  lake,  and  thence  went  up  the 
Mississippi  to  lake  Bemidji,  arriving  the  16th.  Thence  we 
went  south  up  the  Schoolcraft  river  to  sec.  8,  T.  144,  R.  84, 
where  I  obtained  a  fine  view  of  a  wide  region  from  the  top  of  a 
high  spruce,  and  then  returned  to  Bemidji.  There  we  left  our 
canoe  and  engaged  passage  with  a  settler  going  by  Barley's 
dam  and  How's  to  Fosston,  where  we  took  the  cars  on  the  22d, 
Mr.  Hovland  for  Minneapolis,  and  I  for  Park  Rapids,  via  Sauk 
Center. 

Prom  Park  Rapids  I  took  a  trip  along  the  new  railroad  grade 
to  Akeley  and  on  northeast  and  north  into  the  moraine  north 
of  Eleventh  lake  (the  head  of  the  Crow  Wing  river),  to  sec.  10, 
T.  142,  R.  32.  From  Park  Rapids  I  returned  to  Sauk  Center, 
then  took  a  flying  trip  up  to  Northcote,  availing  myself  of  the 
courtesy  of  the  Great  Northern  railway  company  to  see  the 
country  in  western  Marshall  and  Kittson  counties.  I  arrived 
at  Minneapolis  August  S9th. 

I  met  many  intelligent  woodsmen  and  Indians  at  various 
times  who  gave  me  numerous  valuable  facts  regarding  the  re- 

•OkUed  OplmiibODairlD  river  bf  Horace  V.  Wlnohell,  Slxteemb  Annual  BeporC. 
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gioQ  I  have  been  studying.  thuB  supplementing  to  no  incon- 
siderable degree  our  personal  observations. 

SUMMARY   OF   PRINCIPAL  RESULTS. 

The  more  important  results  of  our  summer's  work  may  be 
enumerated  as  follows: 

1.  The  whole  area  traversed  till  we  reached  Red  lake  was 
shaped  by  lacustrine  action.  Though  I  had  confidently  ex- 
pected to  find  areas  untouched  by  it,  and  having  the  common 
glacial  topography,  I  visited  none  which  did  not  show,  wherever 
above  the  marsh,  sandy  ridges  which  were  evidently  beaches. 
The  highest  point  found  was  an  abrupt  ridge  rising  about  40 
feet  above  the  swamp  surrounding  it.  I  have  little  doubt  that 
it  was  crossed  by  the  Duluth  and  Winnipeg  railroad  survey  be- 
fore spoken  of.  It  was  about  in  line  with  it  and  almost  the  only 
area  which  was  completely  burned  off,  and  that  quite  recently. 
The  ridge  was  quit«  bouldery,  about  a  mile  long,  trending 
northeastward,  and  seemed  to  have  been  a  bar  detached  from 
land.  We  saw  higher  land  a  few  miles  west,  but  there  was  a 
wet  swamp  between  and  we  at  that  time  hoped  to  find  the  rail- 
road survey  farther  on  and  follow  it.  I  judge  that  much  of  the 
region  traversed  between  Cook's  shanties  and  the  Eainy  river 
was  considerably  higher  than  those  points,  because  old  beaver 
dams  abounded  at  both  ends  of  that  trip.  Much  of  the  country 
between  those  points  was  tamarack, spruce,  and  cedar  swamps; 
but  toward  Rainy  river,  especially,  low  sand  ridges  1  to  5  feet 
high  abounded.  Among  these  ridges  it  was  noticed  that  the 
swamps  were  wetter  adjoining  the  south  side  of  each  ridge, 
which  was  accounted  for  by  supposing  a  gentle  descent  toward 
the  north. .  The  only  stream  crossed,  which  was  at  a  distance 
of  about  fifteen  miles  southwest  of  the  Rainy  river,  had  a  width 
of  about  twelve  feet  and  a  depth  of  two  feet,  with  a  strong 
current  southeastward.  It  is  probably  a  branch  of  the  Rapid 
river. 

In  our  course  to  Rainy  river,  we  found  the  marsh,  though  al- 
most continuous,  yet  not  very  deep,  except  about  Mud  lake, 
which  is  in  Ts.  156,  Rs.  41  and  42,  where  there  are  extensive 
grassy  quagmires,  and  south  of  a  small  lake  said  to  be  the  head 
of  the  east  branch  of  Roseau  river  in  or  near  the  southwest 
comer  of  T.  159,  R,  33,  where  a  "muskeg"  covers  several 
square  miles.  Elsewhere  there  seemed  to  be  firm  sand  2  to  4 
feet  below  the  surface  of  the  moss.     We  tested  it  at  several 
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points.  I^rge  boulders  not  infreqaeotly  rose  above  the  moss, 
even  in -open  swamps.  Od  our  return  from  Kainy  river,  we  did 
not  have  the  opportanity,  Tvhlle  in  the  canoe,  of  noting  the 
country;  but  from  examination  at  several  points,  and  by  the 
trees  and  the  frequent  rills  trickliug  into  the  streams,  we 
judged  that  the  same  shallow  sphagnum  swamp  prevailed. 
Along  the  lower  course  of  the  Tamarack  river,  east  of  th«  north 
,  part  of  Red  lake,  we  found  alder  swamps  which  presented  more 
serious  hindrance,  with  deep  muddy  bog  holes.  These  were 
probably  connected  with  the  work  of  beavers. 

We  found  prairie  covering  most  of  the  region  from  Thief 
River  Falls  to  Cook's  shanties,  and  in  patches  to  the  northeast 
corner  of  T.  156,  R.  38,  also  a  considerable  area  10  or  IS  miles 
from  Rainy  river,  where  a  swamp  had  been  burned  out  and 
prairie  grass  had  become  the  main  covering,  with  here  and 
there  willow  patches  around  the  nearly  consumed  remains  of 
cedars.  The  soil  was  rich,  the  ground  mostly  firm,  the  subsoil 
a  bouldery  clay.  This  suggests  that  most  of  this  region  may 
be  similarly  reclaimed.  No  very  large  patches  of  white  or  red 
pine  were  observed. 

2.  Of  the  higher  region,  named  by  Mr.  Upham  "Beltrami 
island,"  we  learned  some  facts  from  different  hunters.  We  at 
tempted  to  sift  their  stories.  The  higher  portion  of  it  is  said 
to  lie  between  the  head  of  the  War  Road  river  and  the  Kast 
Roseau,  I  judge  not  far  east  of  the  southeast  corner  of  Kittson 
county.  The  ridges  are  higher  toward  the  south  and  rise  '"20 
feet  or  more  above  the  swamps  between."  They  trend  N.  JE- 
S.  W.  and  are  covered  with  pines.  One  ridge  is  five  miles  wide. 
No  lakes  were  noticed  except  in  a  big  swamp  eight  or  nine 
miles  long  and  two  miles  broad,  north  of  the  higher  ridges. 
The  railroad  survey  runs  across  this  swamp  on  a  strip  which 
bears  tamarack. 

8.  From  Red  lake  southeast,  the  country  rises  quite  rapidly 
to  the  level  of  a  plateau  which  lies  on  the  divide  between  the 
Red  lake  region  and  the  Mississippi.  It  is  estimated  to  be.  in 
its  highest  portions,  about  300  feet  above  Red  lake.  It  is  largely 
covered  with  clayey  poplar  flats,  with  groves  of  pine  and  hard 
maples  interspersed.  It  abounds  in  lakes  and  has  few  eleva 
tions  except  in  connection  with  the  moraines  hereafter  to  be 
enumerated.  The  watershed  is  not  clearly  defined.  Former 
glacial  stream  channels  cross  it  in  several  places. 

4,     Several  moraines  were  crossed  in  our  course. 
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(a).  That  which  divides  the  two  portions  of  Red  lake.  We 
have  no  important  notes  to  add  to  those  already  published.  We 
hoped  to  find  trace  of  its  extension  to  the  west,  bat  failed  to 
discover  anything  decisive.  Probably  the  higher  portion  of 
"Beltrami  island"  and  the  ridge  between  Jadis  and  the  War 
Road  river  are  to  be  correlated,  with  it,  the  intermediate  por- 
tions of  this  moraine  having  been  levelled  by  the  waters  of  lake 
Agassiz  as  they  were  dropped  from  the  ice-sheet  or  at  a  later 
stage.*  We  were  unable  also  to  establish  the  extension  of 
this  ridge  much  to  the  east  of  Red  lake. 

(b).  Between  Red  Lake  Agency  and  Cass  lake  we  crossed 
four  well  defined  moraines,  with  a  less  proiaineat  one  between 
the  two  pairs  in  which  the  four  might  easily  be  grouped.  The 
first,  counting  from  the  north,  we  crossed  two  to  four  miles 
from  Red  Lake.  It  lay  along  the  upper  part  of  a  rather  abrupt 
rise  from  the  level  of  the  Agency.  Its  higher  portion  rose 
about  150  feet  above  the  lake.  It  presented  in  fine  form  the 
usual  basins  and  knobs,  but  the  latter  were  of  more  even  hight 
than  common  and  corresponded  approximately  with  the  level 
of  the  plain  just  south.  This  corresponds,  w^ithout  much 
doubt,  to  the  moraine  noted  last  year  north  of  Clearwater  lake, 
running  east. across  Sandy  river,  and  perhaps  to  one  east  of 
Posston,  trending  south,* 

(c).  After  crossiug  a  quite  level  clayey  strip,  we  came  to 
the  second  moraine,  marking  another  slope  and  presenting 
similar  features  to  the  last,  about  eight  miles  from  the  lake 
and  reaching  up  to  225  or  250  feet  above  it.  This  corresponds 
to  the  moraine  crossed  last  year  south  of  Clearwater  lake,  and 
this  year  east  of  Popple,  or  about  "15  miles  east  of  Fos8ton." 
There  it  is  trending  south. 

(rf).  About  two  miles  north  of  the  northwest  corner  of  T. 
148,  R.  33,  we  crossed  low  ridges  rising  10  to  20  feet  above  the 
surrounding  clayey  plain,  as  though  nearly  submerged  in  it. 
They  trended  north  of  east.  Scattering  ones  a  little  farther 
north  were  also  noticed.  These  seem  to  correlate  with  a 
strip  near  the  Buzzle  lakes,  crossed  east  of  Bagley  dam, 
which  is  on  sec.  31,  T.  148,  R.  35,  perhaps  also  corresponding 
to  hills'  west  of  Spain's  and  to  some  east  of  Upper  Rice  lake, 
which  is  on  the  west  side  of  T,  145,  R.  36. 

(e).  Another  well  developed  moraine  was  found  running 
east  and  west  along  the  north  line  of  Ts.  147,  Rs,  32  and  83, 
south  of  Turtle  River  lake  and  Turtle  lakes.     Some  hills  rose 
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60  feet  or  so  above  the  lakes.  This  corresponds  to  the  mo- 
Tftinic  belt  crossed  last  year,  and  again  this  year,  in  the  north 
part  of  T.  147,  R,  35.  It  curves  southwest  and  south,  crossing 
Grant  creek  near  the  southwest  corner  of  the  same  township, 
and  ranning  southwest  of  the  Schoolcraft  river  into  Hubbard 
county.  Some  of  its  ioner  knobs  lie  along  the  west  side  of 
lake  Marquette  and  rise  75  feet  above  it.  It  has  a  still  higher 
ridge  southwest  of  lake  Plantagenet.  It  seems,  according  to 
reports  of  woodmen,  to  correlate  with  a  strip  passing  Elbow 
lake,  east  of  Park  Rapids,  and  said  to  continue  on  southeast  to 
Pillager. 

(/).  Another  well  developed  moraine  was  crossed  north  of 
the  lake  next  north  of  Cass  lake;  i.  e.  on  the  southeast  corner 
of  T.  147,  R.  31;  also,  where  the  Mississippi  flows  southward 
east  of  lake  Bemidji.  Thence  it  curves  more  south,  passing 
east  of  Schoolcraft  river,  and  between  lakes  Sheridan  and 
Kabekona,  thence  southeast,  south  of  the  latter,  and  on  east- 
ward south  of  Leech  lake,  where,  as  I  reported  last  year,  I 
believe  that  it  forms  a  re-entrant  angle  and  then  runs  south- 
ward west  of  Fine  lake  and  on  to  the  western  one  of  the 
morainic  strips  south  of  Gnll  lake. 

These  correlations  are  of  course  provisional.  The  concep- 
tion which  was  suggested  last  year  seems  to  be  corroborated  by 
the  observations  of  this.  Its  main  features  are  that  two  lobes 
of  the  ice-sheet,  one  occupying  the  Red  lake  region,  the  other 
the  basin  of  lake  Superior,  were  at  first  confluent,  but  after- 
-nard  becoming  reduced  first  deposited  the  moraine  (d);  that, 
lattir,  the  former  of  these  ice  lobes  accumulated  the  moraine  (c) 
on  its  south  margin,  and  the  other  (e)  on  its  northwestern 
margin.  Still  later  they  similarly  formed,  respectively,  (6) 
and  (/),  each  contemporaneous  pair  of  moraines  being  farther 
apart  toward  the  southwest  and  probably  forming  a  sharp  re- 
entrant angle  or  interlobate  moraine  toward  the  northeast. 

5,  Exposures  of  bed-rock  are  comparatively  rare.  Those 
observed  may  be  enumerated  as  follows: 

(a).  On  the  south  shore  of  "the  Lake  of  the  Woods  three 
granite  points  run  out  into  the  lake.  The  first  on  the  west, 
named  Rocky  point,  was  visited  last  year.  The  second  andlongest 
is  called  Long  point,  the  west  side  of  which  creuds  N.  20°  W. 
(mag.)  and  consists  mostly  of  gneiss  which  dips  sharply  to  the 
northeast.  The  rock  rises  about  SO  feet  above  the  lake.  Stony 
point,  a  short  point  about  a  mile  east  of  the  last,  is  faced  with 
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gneiss  for  several  rods,  and  is  said  to  have,  about  a  quarter  of 
a  mile  from  the  shore,  a  rocky  knob  rising  some  50  feet  above 
the  surrouDditig  country.  We  did  not  explore  it  on  account  of 
rain.     Several  rocky  ii^tets  appear  off  these  points. 

(b).  At  Zlpple's  fishery,  near  the  mouth  of  Sand  creek,  is  a 
low  knob  of  dark  magnetic  -'gabbro",  and  about  half  a  mile 
west  is  an  extensive  mound  of  a  similar  rock  rising  40  feet 
above  the  lake.  These  rocks  were  all  evidently  shaped  by  land 
ice,  though  glacial  strisB  were  not  common.  The  few  noted  were 
east  of  south. 

(c).  No  other  oijtcrops  were  found  till  we  reached  Rapid 
river.'  A  few  rods  above  its  junction  with  Rainy  river,  it  falls 
over  a  high  ledge  of  black  siliceous  schist  or  slate.  The  rock 
rises  about  30  feet  above  the  Rainy  river,  and  the  falls  are  per 
haps  20  feet  high.  A  ledge  of  magnetic  "gabbro"  with  granite 
jut'i  out  on  the  American  side  at  water  level  about  a  half  mile 
east  of  Rapid  river. 

Having  glanced  over  Dr.  Lawson's  report  on  the  Rainy  river 
region  to  the  Canadian  government,  and  Mr.  H.  V.  Winchell's 
account  in  the  Sixteenth  Annual  Report  of  the  Minn.  Geol. 
Survey,  I  forbear  saying  anything  further  about  other  rock  ex- 
posures on  the  Rainy  river  and  the  Big  fork. 

No  ledges  of  Paleozoic  rocks  were  found.  In  the  bed  of  a 
rapid  near  the  center  of  sec.  28,  T  148,  R.  32,  on  Turtle  river 
just  above  Turtle  River  lake,  I  found  the  bottom  of  the  stream 
covered  o\er  several  square  yards  with  limestone  pebbles  and 
calcareous  mud,  but  found  no  rock  in  position.  Mr.  Joseph 
Sombs  of  Park  Rapids,  who  has  spent  some  time  "cruising" 
and  also  on  a  claim  in  T.  150,  R.  31,  says  that  on  the  south  side 
of  Black  Duck  lake  there  is  much  limestone  along  the  stream 
for  six  or  seven  miles,  that  the  masses  of  stone  are  not  worn, 
and  that  the  south  bank  is  "50  to  60  feet  high." 

Black  Duck  river  is  repi-esented  by  several  from  that  region 
as  the  main  stream  running  into  Red  lake.  Mr.  O'Brien  states 
that,  when  Red  lake  first  freezes  in  the  fall,  there  is  left  a  nar- 
row strip  of  open  water  reaching  from  the  mouth  of  Black 
Duck  river  across  the  south  part  of  the  lake  to  the  outlet,  Red 
Lake  river,  which  remains  open  considerably  longer  than  the 
rest.  I  regret  that  time  did  not  allow  me  to  ascend  the  east 
branch  of  Turtle  river  and  go  over  to  the  head  of  Black  Duck 
river  and  examine  what  is  spoken  of  as  one  of  the  most  pro- 
mising tracts  for  agriculture  in  that  part  of  the  state. 
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INTRODUCTION. 

The  field  season  of  1693  was  spent  by  the  writer  in  aa  exam- 
ination of  portions  of  Itasca  county.  Mr.  H.  C.  Carel  of  the 
University  of  Minnesota  acted  as  topographer. 

The  plan  of  the-work  included  a  somewhat  careful  survey  of 
two  special  areas  which  had  been  selected  by  the  State  Geolo- 
gist for  more  detailed  study,  together  with  as  thorough  a  re- 
cODnoissance  of  the  remainder  of  the  county  as  circumstances 
would  permit.     Particular  attention  was  to  be  given  to  the 
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region  between  the  Big  fork  and  the  Little  forlt  of  Rainy  river. 

The  special  areas  covered  the  part  of  the  Mesabi  range 
lying  in  Itasca  county,  and  included  about  three  hundred 
square  miles.  The  topography  was  indicated  by  fifty  foot  con- 
tour lines  drawn  on  the  township  plats. 

When  the  work  on  these  areas  was  completed,  the  region 
lying  immediately  north  was  examined.  The  line  of  travel  was 
through  Wabano,  Trout,  Spider  and  Ruby  lakes  to  the  water- 
shed between  the  Mississippi  river  and  Hudson  bay,  which  was 
crossed  in  T.  59-25.  The  region  about  the  headwaters  of 
Prairie  river  was  inaccessible  on  account  of  the  obstruction 
of  Prairie  river  by  logs.  Accordingly  the  trip  down  the  Big 
fork  or  Bowstring  river  was  next  undertaken.  It  was  ex- 
pected that  the  return  trip  would  be  made  by  the  Little  fork, 
but  the  water  was  found  to  be  so  low  that  this  route  bad  to  be 
abandoned  and  the  home  trip  made  by  way  of  Rainy  lake, 
Black  bay,  Kabetogama  and  Namekan  lakes,  and  the  Vermilion 
river. 

The  weather  was  exceedingly  favorable  for  field  work  during 
the  summer.  The  low  stage  of  water  in  the  rivers  was  a  hind- 
rance to  travel,  compensated  for  somewhatby  the  better  expos- 
ure of  some  rock  outcrops. 

The  whole  county  is  so  deeply  drift-covered,  in  all  but  the 
northeast  portion,  that  rock  exposures  are  few  and  far  between. 
Days  and  weeks  of  tramping  through  the  dense  brush  in 
search  of  outcrops  were  rewarded  only  rarel.y  by  finding  them. 

The  Big  fork  and  Little  fork  had  been  traversed  in  1887 
by  Mr.  H.  V.  Winchell,  and  although  he  made  a  very  rapid 
journey,  he  gathered  a  great  amount  of  information  and  made 
many  valuable  observations,  besides  collecting  a  number  of 
rock  specimens.    His  notes*  were  of  much  advantage  to  me. 

TOFOGBAPHY. 

In  all  the  southern  and  central  parts  of  the  county,  so  far 
as  I  saw  it,  the  topographic  features  are  very  largely  due  to 
the  action  of  the  great  ice-sheet. 

Before  the  advent  of  the  ice  the  region  was  probably  a  level 
one,  comparatively  speaking.  There  were  here  and  there 
ridges,  which  still  remain;  there  were  also  valleys,  which 
may  have  been  deeper  than  the  present  ones,  as  the  hills  were, 
no  doubt,  higher,  so  that  a  somewhat  stronger  relief  prevailed 
then  than  now. 
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That  the  ice  covered  the  region  for  a  very  long  time  is  a 
necessary  result  of  its  great  southward  estension.  Neverthe- 
less it  seems  to  have  changed  the  topography  rather  more  by 
filling  than  by  local  erosion.  Of  this  the  thick  mantle  of  drift 
is  evidence.  The  character  of  the  rocks  may  account  for  this 
fact,  but  the  ridges  of  soft  Cretaceous  rocks  seem  also  to  have 
withstood  the  action  of  the  ice. 

On  its  retreat  the  ice  seems  to  have  given  up  its  occupancy 
with  considerable  reluctance.  The  disposition  of  morainic  ac- 
cumulations indicates  many  halts  in  the  final  retreat. 

In  the  immediate  valley  of  the  Mississippi  a  considerable  belt 
of  stratified  drift  occurs.  It  forms  irregular  terraces,  which 
are  rarely  true  river  terraces,  being  sand  plains  formed  by  the 
wash  from  adjacent  moraines.  The  belt  of  this  material  varies 
from  one  to  five  or  more  miles  in  width.  In  the  wide  places 
the  plains  often  slope  steadily  down  to  swamps. 

Plains  of  a  similar  character  are  found  in  the  valley  of 
Prairie  river  and  its  tributaries.  A  good  example  is  found  in 
the  region  of  Wabano  and  Trout  lakes.  The  east  half  of  T. 
57-25  and  the  east  two-  thirds  of  T.  58-25  are  occupied  by  a  prac- 
tically continuous  plain,  separated  by  the  lakes  named  from  a 
moraine  running  roughly  parallel  with  the  plain.  In  both  these 
townships,  but  particularly  in  T.  58-25,  numerous  lakes'  are 
sunk  deep  below  the  level  of  the  plain.  These  lie  nearly  at  the 
same  level,  so  that  while  the  sunface  of  the  plain  rises  to  the 
north  the  water  level  in  the  lakes  is  maintained  and  their  sur- 
faces are  found  to  be  steadily  farther  below  the  surface  of  the 
plain  as  we  go  north.  In  the  southern  part  of  the  plain  they 
are  from  forty  to  fifty  feet  below  the  plain,  and  in  the  northern 
part  eighty  to  ninety  feet  below.  Many  of  them  have  no  out- 
lets.  ' 

The  large  lakes,  Trout  and  Wabano,  as  well  as  half  a  dozen 
smaller  ones,  form  a  chain  extending  from  the  water  shed  in 
T.  59-25  to  Prairie  river.  This  chain  of  lakes  marks  the  posi- 
tion of  an  old  drainage  line  or  valley  in  the  expansions  of 
'Which  the  lakes  now  lie.  The  plain  just  noted  lies  immediately 
to  the  east  and  rises  from  fifty  to  ninety  feet  above  the  water. 
A  moraine  lies  close  along  the  west  side  of  the  valley. 

It  will  be  seen  that  the  water  in  the  chain  of  lakes  lies  very 
nearly  at  the  same  level  as  that  of  the  lakes  which  are  sunk  in 
the  plain. 

The  valley  is  narrow  and  somewhat  gorge  like  between  Trout 
and  Ruby  lakes  in  T.  58-25,  a  distance  of  a  mile  and  a  half.    Its 
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width  in  this  portion  is  a  quarter  of  a  mile  and  it  is  ninety  feet 
deep.     The  eastern  side  is  steep. 

In  alt  the  rest  of  the  upper  part  of  the  valley  it  appears  to 
be  mature.  Clearwater  creek,  which  connects  Wabano  lake 
with  Prairie  river,  is  a  postglacial  stream.  The  old  .valley 
was  filled  by  the  stratified  drift  below  Wabano  lake. 

I.-LAKES  AND  SWAMPS. 

Knobs  and  kettles  are  abundant  in  this  part  of  the  county. 
The  depressions  are  sometimes  dry  "kettles,"  but  more  often 
by  far  they  are  either  swamps  or  lakes,  both  of  which  are 
almost  innumerable  and  of  sizes  varying  from  a  few  rods 
across  up  to  lakes  several  miles  in  diameter  and  swamps  which 
cover  a  township. 

II.-PBEOLACIAL  RIDGES  (ORt^TACEOUSJ. 

Rising  above  the  morainic  lufcumulations  in  some  places  are 
various  hills  and  ridges,  some  flat-topped,  more  oval,  and 
others  narrow  and  elongated.  The  morainic  hills  are  almost  al- 
ways sandy.  These  hills  are  always  clayey.  Very  few  boulders 
are  seen  and  the  coat  of  blue  clay  till  is  very  thin.  The  timber 
on  these  ridges  is  nearly  always  maple,  while  that  on  the 
other  hills  consists  of  birch  and  other  soft  wood. 

The  largest  of  these  ridges  is  found  in  the  southern  part  of 
T.  54-26,  southwest  of  Pokegama.  lake.  It  is  a  long  and 
rather  narrow  ridge  with  northeast  by  east  trend  and  rises 
three  hundred  feet  above  Pokegama  lake.  Its  north  flank  is 
covered  by  heavy  morainic  accumulations,  which  do  not  how- 
ever reach  its  summit.  They  abound  in  kettles  and  irregular 
depressions  often  seventy-five  feet  and  sometimes  more  than 
one  hundred  feet  in  depth. 

Another  hill  oval  in  shape  rises  one  hundred  and  fifty  feet 
above  Pokegama  lake  in  sections  22  and  23,  T.  55-26.  It  is 
like  the  ridge  just  noted  in  all  but  shape  and  elevation  and 
like  it  is  flanked  on  its  north  side  by  a  moraine. 

From  the  fact  that  these  hills,  of  which  these  two  are  types, 
are  apparently  of  blue  clay  at  the  surface,  and  from  the  further 
fact  that  in  shallow  cuts,  made  in  grading  logging  roads,  I 
found  what  I  think  was  Cretaceous  shale  in  small  fragments 
only,  I  am  of  opinion  that  they  will  prove  ti  ba  Cretaceous 
outliers  which  have  withstood  the  gnawing  of  the  streams  and 
the  grinding  of  the  ice  and  yet  endure  to  mark  the  former 
eastward  extension  of  the  great  Cretaceous  sea. 
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Viewing  the  topography  of  the  district  as  a  whole,  it  is  seen 
to  be  almost  entirely  recent  in  origin.  Drainage  is  not  yet 
fully  established.  There  has  been  very  little  postglacial 
erosion.  The  precipitated  moisture  collects  in  the  numberless 
swamps  and  lakes  and  there  remains.  The  supply  is  only  a 
little  more  than  the  demands  of  evaporation  and  the  needs  of 
the  abundant  vegetation.  The  large  lakes  have  outlets,  but 
they  constitute  the  exception. 

The  northern  part  of  the  county  is  apparently  quite  level, 
especially  towards  the  west.  However,  less  was  seen  of  this 
portion  and  it  may  be  that  there  are  topographic  features  here 
not  now  known,  which  will  appear  when  the  timber  is  cleared 
away. 

It  is  not  improbable  that  the  suggestion  made  by  Mr.  H.  V. 
Winchell,  that  this  region  lies  in  that  covered  by  lak&Agassiz, 
will  prove  to  be  correct.  Still  no  important  evidence  pro  or 
con,  was  collected  by  the  writer.  Careful  watch  was  kept  for 
indications  of  old  shore  lines  and  beaches,  but  none  were  seen. 
Sections  alon^  the  river  did  not  show  beds  which  could  be  at- 
tributed to  any  but  river  or  ice  action.  Through  T.  61  25  and 
T.  62-25  moraines  were  noted  crossing  the  river.  Beds  of 
sand  washed  down  from  these  moraines  are  common,  but  else- 
where only  clay  was  seen  along  this  stream  (Big  fork).  The 
banks  of  the  Little  fork  are  of  the  same  nature,  so  far  as  they 
were  seen  by  me. 

II[,-HOOK  BASIN  UI3TEI0T. 

The  topography  of  the  northeastern  part  of  the  county  is. 
in  many  respects,  quite  different  and  constitutes  a  distinct  dis- 
trict Going  up  Rainy  river,  we  pass,  at  the  Koochiching  falls, 
somewhat  abruptly  from  a  region  so  deeply  drift-covered  that 
rock  is  seen  only  in  the  beds  of  the  streams,  to  one  in  which  drift 
is  seen  only  in  depressions  in  the  uneven  rock  surface  or  along 
the  beaches  of  the  lakes.  Hock  bosses,  ridges  and  knobs  are 
everywhere,  but  they  seldom  rise  more  than  twenty  or  thirty 
feet  above  the  lakes,  until  the  region  about  the  mouth  of  the 
Vermilion  is  reached.  There  the  rock  masses  rise  to  perhaps 
one  hundred  and  fifty  feet  in  some  cases.  Till  is  scarce  until 
after  the  mouth  of  the  Pelican  is  passed,  going  up  Vermilion 
river;  at  that  point  the  drift  begins  to  thicken  again. 

The  county  is  thus  seen  to  be  separated  into  three  well  marked 
topographical  districts.  Roughly  speaking,  the  south  two- 
thirds  of  the  county  constitute  the  first  district.  Its  topography 
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is  mainly  morainic.  The  west  two-thirds  of  the  remainder  of 
the  county  is  an  alluvial  or  lacustrine  plain,  while  the  north  - 
east  corner  belongs  in  the  district  of  bare  rocky  basins  and 
rocky  prominences. 

ROCK  SYSTEMS  OBSERVED. 

I.    POKEQAMA  QUABTZYTB  (PBWABIO). 

The  first  rock  examined  was  the  quartzyte  at  Pokegama  falls, 
on  the  Mississippi. 

This  rock  appears  at  intervals  along  an  irregular  line  extend- 
ing from  the  north  end  of  Pokegama  lake,  in  the  S.  W.  i  of  the 
N.  E.  i  of  sec.  23,  northeasterly  to  the  rapids  of  Prairie  river. 
Test  pits  show  the  continuation  of  this  rock  as  far  east  as  the 
east  line*  of  T.  56-24,  where  it  passes  out  of  my  district.  It  is 
not  known  to  outcrop  east  of  Prairie  river,  and  is  only  seen  in 
a  few  places  between  the  rapids  of  that  stream  and  Pokegama 
falls. 

It  is  a  flat  lying  rock  with  a  tow  southerly  and  southeasterly 
dip,  and  seems  to  have  been  bowed  up  into  a  series  of  low  flat 
arches.  This  feature  is  more  noticeable  in  the  large  exposures 
near  Prairie  river. 

At  all  exposures  the  rock  appears  pinkish,  is  rather  fine 
grained  and  very  hard.  At  Pokegama  falls,  where  it  has  been 
quarried  to  some  extent,  the  rock  is  seen  to  have  been  origi- 
nally greenish  in  color.  The  reddish  coloration  is  due  to 
causes  external  to  the  rock  itself.  The  coloration  has  penetrated 
from  the  surface  and  from  all  Assures  and  joints  toward  the 
center  of  the  cubical  blocks  into  which  the  joint-planes  divide 
it.  In  some  cases  the  blocks  are  small  enough  so  that  the 
change  from  green  to  red  is  complete;  in  others  a  greenish  core 
is  surrounded  by  a  pinkish  shell,  which  varies  from  one  to  four 
inches  in  thickness.  Cross  sections  of  these  blocks  (figure  1) 
show  that  the  change  proceeded  from  all  sides. 


iiiruyM  blocks.  BhowIngoKMle  orobangelu  color;  ouUlde  plDk- 
'akeeama  falls. 
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Some  of  the  more  massive  beds  tow2bTd  the  base  of  the  sectiOD 
are  very  little  changed  in  color.  This  is  well  seea  !□  the  bed 
of  the  Prairie  river,  a  little  above  the  bridge  in  the  S.  E.  i 
of  sec.  34,  T.  56-25.  and  also  at  the  qnarry  above  Pokegama 
falls. 

Besides  the  red  coloration,  considerable  iron  ore  is  found  in 
the  qnartzyte  at  many  places,  apparently  always  in  the  upper 
portion  of  the  series.  The  character  of  these'upper,  ore-bear- 
ing strata  is  decidedly  different  from  that  of  the  lower  beds. 
The  ore-bearing  rock,  when  seen  in  cross  section,  presents 
an  irregularly  banded  appearance;  the  layers  are  alternately 
sheets  of  ore  and  sheets  of  quartz.  As  seen  under  the  hand 
lens,  the  quartz  layers  show  no  grains;  the  structure  is  porous, 
and  the  quartz  is  usually  stained  red.  The  ore  sheets  vary  from 
ferruginous  quartz  to  a  very  good  ore.  Both  ore  sheets  and 
quartz  layers  are  exceedingly  irregular  and  are  often  inter- 
rupted or  cut  by  each  other. 


This  irregularity  is  far  greater  than  any  that  could  have 
been  produced  by  the  slight  movements  which  have  affected  the 
containing  beds,  and  evidently  it  dates  from  the  formation  of 
the  ore.  whether  that  was  contemporaneous  with  the  formation 
of  the  containing  beds  or  not. 

The  study  of  a  large  number  of  thin  sections  of  this  rock  is 
necessary  to  determine  the  genesis,  both  of  the  ore  and  of  the 
quartz  layers. 

Whether  the  ore  was  deposited  at  the  time  of  the  coloration 
of  the  lower  beds,  or  not,  my  observations  do  not  determine. 
That  the  latter  process  was  long  subsequent  to  the  formation  of 
the  quartzyte  is  clearly  shown  by  the  fact  that  the  coloration  ■ 
proceeded  inward  from  all  joint-planes  toward  the  centers  of 
the  blocks,  as  already  explained.  This  could  not  have  been  the 
case  if  the  rock  had  not  already  become  indurated  and  jointed 
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before  it  was  bathed  in  the  iron-bearing  solution  (which  Beems 
to  have  come  from  the  surface  and  not  from  below).* 

It  is  of  course  possible  that  this  ferruginous  liquid  was  de- 
rived from  the  ore-bearing  portion  of  the  beds  at  a  time  long 
■  subsequent  to  the  deposition  of  the  ore.  Opportunities  for  a 
thorough  examination  on  this  point  are  not  yet  to  be  had-  The 
test  pits  are  only  sunk  to  the  surface  of  the  rock,  or  a  few  feet 
into  it,  as  the  ore,  if  found  at  all,  is  found  near  or  at  the  sur- 
face of  the  rock. 

In  places  the  quartzyte  is  somewhat  conglomeratic.  The 
pebbles  are  small,  not  larger  than  coarse  shot.  The  conglom- 
eratic layers  are  near  the  base  of  the  series. 

With  the  exception  of  the  iron  ore,  this  rock  very  closely  re- 
sembles the  Sioux  quartzyte  of  southeastern  South  Dakota. 

The  quartzyte  was  nowhere  seen  in  contact  with  any  other 
rock. 

Near  the  dam  at  the  foot  of  Prairie  lake,  just  north  of  the 
quartzyte  exposure,  is  a  narrow  belt  on  which  are  thickly 
strewn  many  small  boulders  of  greenish-gray  sandstone.  No 
rock  like  it  Is  exposed  anywhere  in  this  region,  at  leitst  I  was 
unable  to  find  any.  As  represented  by  the  boulders  it  is  a 
quartz  sandstone,  somewhat  micaceous,  of  only  moderately  firm 
texture  and  inclined  to  split  into  fiags. 

It  gives  no  indication  whatever  of  the  presence  of  iron  oxide. 
Tbe  belt  on  which  the  boulders  lie  is  some  four  or  five  rods 
wide.  Passing  across  this  belt  toward  the  quartzyte-area,  the 
sandstone  boulders  are  quite  abruptly  replaced  by  boulders  of 
quartzyte,  which  occupy  a  belt  perhaps  ten  or  fifteen  rods  wide, 
beyond  which  the  quartzyte  in  place  appears  in  oval  topped 
masses  here  and  there,  often  hidden  by  the  drift  but  showing 
fairly  well  all  the  way  to  the  river,  a  half  mile  southeast,  where 
the  iron-bearing  beds  are  seen. 

It  was  my  impression,  while  on  the  ground,  that  beneath  the 
belt  of  quartzyte -boulders  the  quartzyte  lies,  and  that  under 
the  strip  covered  with  boulders  of  gray  sandstone,  beds  of  that 
rock  must  be  ( making  due  allowance  for  the  southward  move- 
ment, due  to  ice  action). 

*  Witli  refereoce  to  the  oolorSitloii  or  tba  au&rtijtii  It  Is  obvious  tbat  there  are  two 
WHye  !□  nhlcb  thtB  oilgbt  occur.  It  the  itreealsb  quutlzrte  contains  Iron  m  aoy  form 
other  than  the  ferric  oxide,  then  simple  wratherlng  nould  produce  the  cbaoKe  noted. 
Nor  la  (here  an;  fact  observable  In  the  field  that  nil]ltHt«s  agaloBt  ttals  as  the  wa;  In 
nbluh  the  change  In  color  occurred.  As  a,  rule  the  red  coat  la  as  firm  as  the  green  core 
Mii^roscopto  stud;  would  determine  tbis  point. 

Tbeolber  way  ofacoountlagCor  the  colur  cbange  Is  Indicated  In  the  body  of  thli 
paper. 
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Just  across  Lhe  river  (north)  lies  a  body  of  granite.  Boulders 
of  this  rock  are  strewn  for  a  short  distance  to  the  south  of  the 
granite.  Then  comes  a  stretch  of  swampy  ground  in  which  no 
boulders  can  be  seen,  and  after  that,  the  succession  before 
noted.  The  relations  of  these  rocks  are  shown  by  the  section 
(figure  3). 


The  depression  which  separates  the  granite  from  the  near- 
lying  quartzyte  indicates  the  removal  of  some  easily  destroyed 
rock, — possibly  the  gray  sandstone,  possibly  some  other  rock, 
no  tnw;es  of  which  were  seen, — lying  between  the  tough  gran- 
ite on  the  one  band  and  the  hard  quartzyte  on  the  other.  No 
positive  evidence,  other  than  that  just  stated,  supports  this 
view  of  the  stratigraphic  relations  here  announced.  On  the 
other  hand,  nothing  was  found  which  opposes  such  a  view. 

11.    PSAIBIE  mVEB  ORANtTE. 

This  rock  is  exposed  in  the  S.  E.  i  of  the  S.  E.  i  of  sec.  32 
and  also  in  sec.  33,  and  very  abundantly  in  sec.  34,  T.  56,  R.  25. 
It  is  seen  to  lie  in  a  belt  parallel  to  the  quartzyte  just  described. 
It  is  a  fine  grained  gray  rock  with  some  gneissic  phases,  and  it 
contains  some  bodies  of  schist  which  were  taken  to  indicate 
that  the  granite  is  eruptive.  Its  surface  is  quite  uneven  and  is 
marked  by  roughly  parallel  ridges  or  corrugations,  which  mark 
Hues  of  yielding  to  lateral  pressure.  These  run  in  the  direc- 
tion of  the  outcrop,  i.  e.,  northeast  and  southwest.  They  are 
not  high  but  are  noticeable  by  reason  of  the  incipient  folding 
or  bulging  up  of  the  rock. 

Thrust  planes  are  numerous  and  generally  have  either  verti- 
cal or  very  steep  dip. 

Noliiing  like  bedding  was  observed  in  this  rock.  Its  rela- 
tion to  the  quartzyte  has  already  been  noticed.  The  dip  of  the 
latter  away  from  the  granite  shows  that  the  region  has  been 
slightly  uplifted,  either  by  a  general  movement  or  by  the  intru- 
sion of  the  granite.  In  T.  56-24,  in  the  N.  W.  i  of  sec.  9  and 
also  in  the  eastern  part  of  sec,  8,  outcrops  of  a  rock  very  similar 
to  the  granite  rock  at  Prairie  river,  occur  in  the  form  of  low 
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mounds,  two  in  number,  a  half  mile  apart.  The  one  in  sec.  8 
is  low-lying  and  is  exposed  by  the  action  of  a  small  creek,  for 
perhaps  a  quarter  of  a  mile.  The  other  outcrop,  in  sec.  9.  is 
larger,  rising  perhaps  fifteen  feet  above  the  little  valley  to  the 
north.  No  other  rock  outcrops  in  this  township.  Test  pits 
one  mile  south  of  the  granite  encounter  the  conglomeratic 
phase  of  the  quartzyte,  with  very  little  ore.  A  half  mile  far- 
ther south  the  ore  is  found  more  abundant,  and  in  the  central 
and  eastern  parts  of  the  township  numerous  pits  have  been 
sunk  and  in  each  the  ore  bearing  rock  was  found. 

The  Diamond  mine  in  the  center  of  the  township  has  been  de- 
veloped enough  to  show  the  presence  of  a  considerable  body  of 
good  ore.  It  was  noticed  in  the  sinking  of  these  pits  that  the 
ore  and  rook  were  found  at  very  different  levels,  e.  g.,  one  was 
sunk  in  a  depression  in  the  top  of  the  highest  hill  in  the  town- 
ship and  another  at  the  foot  of  the  same  hill.  In  the  first  case 
the  ore  was  found  at  a  level  about  that  of  the  surface  of  the 
ground  at  the  second  pit.  In  the  latter  the  ore  was  quite  as 
far  below  the  surface,  which  shows  a  difference  of  level  in  the 
rook  surface  of  150  feet  in  an  eighth  of  a  mile. 

It  is  noteworthy  that  among  the  score  of  pits  in  this  town- 
ship not  one  seems  to  have  touched  the  granite.* 

Granite  was  reported  in  the  next  township  north  but  it  could 
not  be  examined. 

III.    DIOEYTEB  OF  THE  BIO  FORK  OR  BOWSTRING  RIVER. 

On  the  Big  fork  a  few  miles  above  the  mouth  of  Rice  river  a 
ridge  of  dioryteaboutfifty  yards  wide  crosses  the  river  running 
north  and  south.  The  river  runs  at  the  south  end  of  the  ridge 
and  then  makes  a  bend  and  cuts  squarely  across  it.  The 
greater  part  of  the  ridge,  which  rises  some  twenty  feet  above 
the  river,  is  on  the  left  bank.  Its  length  is  less  than  a  quarter 
of  a  mile. 

The  rock  is  a  rather  fine-grained  dioryte  with  possibly  some 
granitic  phases.  Quartz  and  colorless  feldspar  are  the  chief 
minerals.  At  the  upper  end  of  the  exposure  some  reddish 
feldspar  was  seen. 

A  small  dike  of  greenstone  cuts  the  dioryte  and  runs  N.  W. 
by  W.  Up  the  river  some  two  hundred  yards  from  the  south 
end  of  the  dioryte,  a  low  exposure  of  a  dark  basic  rock,  which 
looks  a  little  like  a  gabbro,  rises  about  three  feet  above  the 
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water  at  its  verj^low  stage.  This  may  prove  to  be  dioryte  also 
but  is  decidedly  basic.  No  contact  of  it  with  the  dioryte  could 
be  found;  nor  could  any  extension  of  the  latter  be  discovered 
in  the  woods  on  either  bank.  Five  miles  down  the  river  an- 
other small  body  of  dioryte,  macroscopically  indistinguishable 
from  the  exposure  just  noted,  is  found  crossing  the  stream  and 
disappearing  in  the  banks.  One  hundred  and  fifty  yards 
farther  down  is  another  mass  of  the  same  rock.  This  rock  is 
black  on  the  surface,  but  it  may  be  that  this  is  the  result  of  its 
being  covered  by  the  stream  at  high  water. 

Perhaps  five  mites  farther  down  the  river  is  another  body  of 
the  same  rock.  It  shows  in  the  bed  and  on  the  right  bank  of 
the  stream.  A  number  of  large  boulders  four  to  six  feet  in 
diameter,  apparently  broken  from  this  ledge,  lie  in  the  edge  of 
the  river  and  on  the  bank  close  to  the  solid  rock.  Their  upper 
surfaces  are  striated  and  the  stride  are  parallel  on  the  separate 
boulders  and  with  those  on  the  moutonnSed  surfaces  of  the 
ledge. 

IV.    DIORYTE  AT  KOOCHICHING  FALLS. 

The  Koochiching  falls  of  the  Rainy  river  are  due  to  a  ridge  of 
quartz  mica  dioryte  which  is  crossed  by  the  stream  about  three 
milesbelowtheoutletof  Rainy  lake.  This  rock  forms  the  Amer- 
ican shore  for  a  mile  below  the  falls,  below  which  are  two  good 
sized  islands  of  the  same  rock.  It  may  appear  farther  down 
on  the  Canadian  bank,  but  does  Dot  show  itself  on  the  U.  S. 
side.  This  ridge  of  dioryte  lies  in  the  midst  of  a  great  body  of 
mica  schist*  [CoutchichingofLawsoa}- through  which  it  has 
been  intruded.  As  evidence  of  this,  many  fragments  of  the 
schist  of  varying  size  are. to  be  seen  embedded  in  the  dioryte. 

Its  character  is  better  seen  on  the  two  islands  than  else- 
where. On  fresh  surfaces  it  appears  as  a  light  gray,  rather 
coarse-grained  rock  made  up  of  quartz,  plagioclose.  microcline 
and  biotite.  On  weathered  surfaces  the  color  is  faintly  reddish, 
and  large  crystals  of  feldspar  stand  up  prominently  from  the 
surface,  giving  a  porphyritic  appearance  to  the  rock  not  seen 
in  the  fresh  sections.  At  the  upper  end  of  the  lower  island  a 
true  porphyritic  phase  of  the  rock  is  seen.  It  changes  notably 
in  color  and  becomes  finer  in  grain.  At  the  upper  end  of  the 
upper  island^  gneissic  phase  appears. 

•OlaBsed  by  Dr.  A.  0.  Lavson  as  s  mica  syenite  gaelss.  Bepart.  on  the  Oeologr  of  the 
BkId;  Lake  UsEtoD.  p.  IK  F.  (Geol.  and  Nat.  Hist.  Survey  ol  Canada.  Annual  Bepart, 
new  series,  toI.  m,  for  1SST-B8,  Part  F.> 
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A  greenstone  dike  cuts  the  dioryte.  passing  throogii  the 
apper  island  and  then  to  the  American  shore,  along  which  it 
was  traced  for  a  mile,  or  to  the  falls,  where  it  crosses  the  river 
and  disappears  on  the  Canadian  side.  Like  the  <liorfte,  its 
trend  is  nearly  east  and  west.  It  varies  in  width  from  three  to 
ten  feet    It  is  probably  a  diabase. 

The  dioryte  is  clearly  younger  than  the  schists,  and  the  dia- 
base dike  is  still  more  recent.  Later  still  slight  movements  of 
these  rocks  have  occurred,  which  have  opened  small  fissures 
on  the  American  shore  and  produced  slight  dislocations  which 
are  shown  in  the  schists  and  also  in  the  diabase  dike. 

V.    THE  GKEENSTONB3. 

These  appear  in  two  distinct  types,  which,  however,  shade  or 
merge  into  each  other  in  sach  a  way  as  to  make  it  often  doabt- 
fnl  whether  one  is  dealing  with  one  or  the  other  of  the  types. 
When  they  appear  as  dikes,  as  they  often  do,  they  are  of  coarse 
plainly  and  purely  eruptive.  Also  they  may  be  and  are  found 
in  such  condition  as  to  make  it  certtun  that  we  have  to  do  with 
beds  of  consolidated  tuffs.  Bat  again  they  are  found  in  such 
condition  that  it  is  not  possible  to  say  to  which  class  they  shall 
,  be  assigned.  Along  the  Big  fork  these  rocks  constitute  the 
chief  exposures  between  Bice  river  and  Big  falls.  These  ex- 
posures are  mainly  low  oval  mounds  or  moutonnfied  surfaces 
from  which  the  river  has  removed  the  drift.  No  other  rock  is 
found  associated  with  them.  In  T.  61-25  the  greenstone  forms 
considerable  hills,  fifty  or  sixty  feet  high,  and  extending  for 
several  miles.  From  the  foot  of  Kice  River  rapids  on  the  Big 
fork  to  Little  falls  no  rock  but  greenstone  is  exposed,  bat  the 
intervals  between  exposures  are  so  great  there  is  plenty  of 
room  for  other  rocks.  At  the  Little  falls  the  river  pours  over  a 
large  mass  of  greenstone  which  here  shows  nearly  aU  gradations 
of  that  rock.  Some  of  it  seems  from  a  microscopic  examination 
to  be  eruptive.  Other  portions  appear  more  like  tuffs.  No  other 
rock  occurs  here. '  A  fracture  was  noted  running  across  the 
exposure. 

Two  miles  down  the  river  a  small  mound  of  greenstone  is 
seen.  This  is  the  last  noted  except  in  the  form  of  dikes.  These 
-will  be  noticed  in  describing  the  beds  cut  by  them.  At  two  ex- 
posures, one  near  the  mouth  of  Deer  river  and  th^  other  a  mile 
up  that  stream,  pebbles  or  amygdules  of  quartz  up  to  two 
inches  in  diameter  were  noticed  in  the  greenstone.  They  have 
a  little  elongation  which  was  thought  to  be  due  to  squeezing. 
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VI.    MIOA  SCHISTa. 

These  rocks  with  the  intruded  granites,  etc.,  constitute  an 
immense  series,  extending,  on  the  Big  fork,  from  a  point 
abont  twelve  miles  by  river  below  the  Little  falls  to  within  fif- 
teen miles  of  Bainy  river.  The  exposure  is  by  no  means  a 
continuous  one  for  the  drift  is  deep  all  the  way  down  this 
stream,  but  erosion  has  uncovered  the  rock  in  places  enough 
to  indicate  the  continuity  of  the  beds.  On  the  Little  fork 
mica  schist  was  found  within  four  miles  of  the  Rainy  river, 
while  on  Bainy  lake  the  rocks  are  exposed  in  almost  continuous 
section.  Dr.  Lawson*  estimates  their  thickness  on  Bainy  lake 
at  four  and  a  half  miles. 

The  first  exposure  of  these  schists  is  about  twelve  miles 
below  Little  falls.  The  river  runs  in  the  schists  for  about  an 
eighth  of  a  mile.  The  rock  stands  up  ten  or  twelve  feet  above 
the  water.  Two  or  three  moutonn^ed  surfaces  appear  in  the 
stream  rising  from  one  to  three  feet  above  very  low  water. 

The  rock  seems  to  be  composed  almost  wholly  of  biotite  and 
quartz.  The  dip  and  strike  were  somewhat  doubtfully  made 
out  by  means  partly  of  quartz  lenses  which  were  thought  to 
indicate  the  bedding  planes,  and  partly  by  means  of  a  thin  bed 
of  green  rock  which  was  taken  to  be  tuff. 

As  thus  determined,  the  dip  is  some  30°  or  40"  west  of  north 
at  an  angle  of  perhaps  85°, and  the  strike  east  30°  or  40"  north. 

The  schists  are  cut  by  a  dike  of  greenstone,  probably  diabase, 
near  the  middle  of  the  outcrop.  It  is  twelve  feet  wide  and 
strikes  south  40°  east. 

Near  the  lower  end  of  the  exposure,  in  close  proximity  to  the 
supposed  tuff  bed,  an  intrusion  of  granite  is  seen  on  the  right 
bank.  It  is  here  twenty  feet  wide.  On  the  opposite  bank 
twenty  rods  away  a  narrow  one  foot  vein  of  the  same  rock  is 
seen.  It  is  fine  grained,  light  colored,  slightly  greenish,  and 
extremely  brittle. 

At  Big  falls  is  a  still  larger  exposure  of  mica  schist  veined 
with  granite  over  which  the  river  tumbles  in  a  series  of 
cascades  falling  about  thirty  feet  in  a  quarter  of  a  mile.  Here 
the  schists  strike  8°  or  10°  south  of  east,  but  with  local  varia- 
tions caused  by  the  Intrusion  of  the  granite  in  the  form  of 
veins,  sheets,  bosses  and  dikes. 

Two  of  these  granite  masses  have  fiexed  and  contorted  the 
schists  in  a  very  complex  fashion.  The  dip  is  nearly  vertical 
except  where  locally  modified  by  the  granite. 

•Eeporlon  IheOeology  o(  the  Kalny  Luke  Ret!fon,  p.  102  F, 
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A  dike  of  greenstone  eighty  feet  wide  cuts  the  schist  parallel 
with  the  strike,  near  the  head  of  the  rapids.  The  schists  are 
not  notably  changed  at  the  contact  with  the  dike.  The  granite 
sheets  are  very  numerous.  They  run  parallel  with  the  strike 
of  the  schist  and  vary  in  thickness  from  less  than  one  quarter 
of  an  inch  to  ten  feet.  The  larger  sheets  do  not  follow  the 
bedding  of  the  schist  verj  closely.  They  often  show  gneisslc 
phases.  This  exposure  extends  for  two  miles  along  the  river, 
but  could  not  be  found  in  the  woods  above  the  immediate 
valley. 

A  half  mile  below  the  mouth  of  the  Sturgeon  river — six  miles 
from  Big  falls  by  river — mica  schists  veined  with  granite  again 
appear.  Apparently  the  same  rock  Is  seen  at  intervals  in  the 
river  for  twenty-five  miles,  always  with  a  very  steep  dip  to  the 
north  and  with  strike  varying  from  east  and  west  to  southeast- 
northwest. 

In  the  bed  of  Rainy  river  three  miles  below  the  falls  a  bed  of 
fine-grained  very  hard  mica  schist  is  seen.  It  has  a  dip  of  85° 
to  the  north  and  strikes  east  and  west.  Exposures  of  similar 
rock  are  found  to  within  a  mile  and  a  half  of  the  falls.  Here  it 
has  been  invaded  by  a  large  ridge  of  dloryte  which  has  appar- 
ently carried  it  up  so  far  that  weathering  and  erosion  have  re- 
moved it,  exposing  the  dioryte. 

Four  miles  up  the  Little  fork  an  exposure  of  mica  schist  of 
the  same  hard  fine-grained  type  is  seen  crossing  the  river  from 
northeast  to  southwest.  This  is  also  the  direction  of  the  strike. 
Dip  vertical. 

Above  Ft.  Francis  at  the  Koochiching  rapids,  along  the 
route  through  Rainy  lake.  Black  bay,  '  Kabetogama,  Na- 
mekan  and  Sand  Points  lakes,  and  far  up  the  Vermillion  river, 
the  schists  were  seen,  sometimes  free  for  long  stretches  from 
any  intruded  rock,  and  again  seamed  in  every  direction  with 
granite. 

There  was  usually  a  gradual  increase  in  the  abundance  of  the 
granite  until  it  became  the  predominant  rock,  then  in  passing 
along  the  reverse  conditions  obtained  until  the  simple  schist 
was  all  that  was  to  be  seen. 

No  detailed  work  was  done  In  this  most  interesting  region, 
the  time  having  been  consumed  in  literally  "beating  the  bush" 
in  search  of  outcrops  farther  southwest  in  the  region  so  thickly 
drift-covered  that  only  rarely  was  the  search  rewarded  with 
anytbinc  but  negative  results. 
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GLACIAL  PUENOMBNA. 

1.    THE  TILL. 

With  some  local  exceptions,  the  till  of  the  district  is  sandy, 
often  gravelly.  There  is  a  notable  scarcity  of  large  boulders, 
in  fact  of  boalders  of  any  size  except  in  cases  to  be  hereafter 
speciSed. 

The  drift  thins  steadily  to  the  northeast,  so-that  by  the  time 
the  southeast  end  of  Bainy  lake  is  reached  only  the  depressiona 
in  the  rocks  are  covered  by  drift. 

T.  54-26  is  one  of  the  exceptions  in  that  it  is  nearly  all  cov- 
ered by  a  bine  clayey  till.  This  is  doubtless  dae  to  the  pres- 
ence of  the  hills  referred  to  on  a  previous  page  as  possibly 
Cretaceous.  There  is  evidence,  in  the  shape  of  fragments  of 
shale  .and  pieces  of  lignite,  that  considerable  areas  of  Creta- 
ceous clays  were  to  be  found  in  this  region  at  the  time  of  the  ico 
invasion.  Blue  clay  lies  under  the  till  In  many  places  in  the 
southern  part  of  the  county.  It  was  also  noted  along  the  Mis- 
sissippi as  underlying  the  sand  and  silt  on  the  river  bank  from 
Grand  Rapids  to  the  swamp  below  Blackberry  station. 

No  clayey  till  was  noticed  except  in  the  immediate  neighbor- 
hood of  high  non-morainic  hills  and  ridges. 
II.   UOSAIMES. 

A  tolerably  well-marked  and  continuous  moraine  enters  this 
district  in  the  southwest  comeT  of  T.  !M^26  and  runs  northeast 
by  north  through  three  townships,  leaving  my  territory  in  the 
northeast  corner  of  T.  56-24. 

The  Mississippi  river  cuts  this  moraine  two  miles  west  of 
Blackberry  station  in  the  northwest  corner  of  T.  54-24.  At 
this  point  the  morainic  hills  rise  one  hundred  feet  above  the 
river.  [A  sand  plain  (overwEish  plain)  lies  along  the  east  side 
of  the  moraine  in  T.  54-24  and  the  southern  part  of  T.  55-24.) 

Four  miles  north  of  the  river  the  highest  point  of  the  moraine 
rises  three  hundred  feet  above  Trout  lake,  in  sec.  18,  T.  55-24. 

Somewhat  disconnected  morainic  accumulations  extend  from 
the  southern  boundary  of  T.  54-26  north  through  at  least  six 
townships  where  they  pass  into  a  region  not  visited. 

The  frequent  interruptions  almost  invariably  transfer  the 
moraine  to  the  west,  so  that,  while  the  segments  trend  about 
northeast  by  north,  the  moraine  as  a  whole  extends  nearly  due 
north. 

This  moraine  has  ite  strongest  development  in  the  southeni 
half  of  T.  54-26,  on  the  northwest  flank  of  the  high  ridge  of  sup- 
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posed  Cretaceous  beds.  It  is  also  well  developed  in  the  north- 
eastern part  of  T.  56-24. 

Along  both  these  moraines  knobs  and  kettles  are  often  well 
shown.    The  latter  are  in  some  cases  one  hundred  feet  deep. 

One  peculiar  kettle  is  worth  noting.  It  is  In  the  top  ol  the 
highest  hill  in  T.  56-24,  in  sec.  21.  The  hill  is  about  one 
hundred  and  fifty  feet  above  the  little  stream  near  its  base,  and 
is  quite  separated  from  the  adjacent  hills.  The  kettle  simulates 
a  crater  very  closely.  It  occupies  nearly  the  whole  top  of  the 
hill,  is  about  sixty  feet  deep  and  fifteen  rods  across  the  top  of 
its  narrow  rim.  The  till  is  gravelly  and  quite  bouldery.  The 
boulders  are  well  rounded  and  some  of  them  well  travelled. 
This  is  the  only  case  that  has  come  under  my  observation,  of  a 
large  kettle  in  the  top  of  an  isolated  hill. 

III.     BUOLDEB  BEDS. 

The  scarcity  of  boulders  in  the  till  has  already  been  noted. 
In  one  little  area  near  the  granite  outcrop  in  T.  56-24  boulders 
were  quite  plentiful  and  some  were  of  good  size;  but  in  all  the 
rest  of  the  district  the  till  was  found  to  contain  but  few  boulders. 

Whoever  makes  a  canoe  journey  along  either  the  Big  fork 
or  the  Little  fork  in  low  water  is  not  likely  to  complain  of  the 
infrequency  of  boulders  in  the  bed  of  the  stream.  Scattered 
boulders  here  and  there,  more  abundant  than  in  the  till,  were 
to  be  expected.  But  that  by  no  means  tells  the  story.  At  all 
too  frequent  intervals  the  streams  cross  thick  beds  of  boulders 
which  extend  in  trains  for  unknown  distances.  In  one  case 
on  the  Big  fork  the  same  train  was  crossed  three  times  in 
successive  bends  of  the  stream.  They  often  occupy  the  bed 
of  the  stream  for  two  miles  at  a  stretch,  but  in  such  cases  it  is 
probable  that  the  stream  crosses  ttie  boulder  train  obliquely. 
On  the  Big  fork  these  beds  of  boulders  were  first  encountered 
about  ten  miles  above  the  mouth  of  Rice  river,  and  they  were 
found  at  intervals  all  the  way  to  within  fifteen  miles  of  Rainy 
river.  The  number  of  the  boulders  is  astonishingly  great. 
In  some  instances  the  river  nearly  disappears  in  the  mass  of 
boulders.  More  frequently  it  forms  rapids,  quite  unfavorable 
to  canoe  navigation  in  low  water.  At  the  places  where  these 
boulder  beds  were  found  the  country  was  almost  invariably 
leveL  Exceptions  to  this  are  found  in  the  vicinity  of  Deer 
river.  There  are  no  indications  of  the  presence  or  proximity 
of  a  moraine.  There  are  no  signs  of  a  rock  outcrop.  There 
are  no  boulders  on  the  i>anks  of  the  stream.    They  seem  to  be 
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confiaed  to  levels  not  far  above  that  of  the  water.  Whether 
these  boulder  trains  mark  the  position  of  earlier  moraines 
fnrai  which  the  other  material  has  been  removed,  or  whether 
they  are  combings  from  the  bottom  of  the  ice-sheet,  I  am  unable 
to  say.  But  from  the  extension  of  the  belts,  and  from  the  fact 
that  where  outcrops  occur  no  such  boulder  beds  are  found,  and 
from  the  further  fact  that  just  above  Deer  river  where  a 
moraine  crosses  the  stream  boulder  beds  do  occur,  I  incline  to 
the  former  view.  ^ 

IV.    GLACrAL  STGL£. 

The  following  table  gives  the'results  of  observations  on  the 
direction  of  striae,  as  noted  by  me,  referred  to  the  magnetic 
meridian: 

At  Pokegama  falls S.  60"E. 

At  Prairie  River  rapids S.  4"  to  10"  E. 

On  Big  fork  above  Rice  river,  T.  61-28 E.  IS'S. 

Oq  Big  for(i  above  Rice  river,  40  rods  down  slreaoi E. 

On  Big  fork  beiow  Rice  river,  T.  61-26 E.  11"  S. 

On  Big  fork  below  Rice  river,  T.  61-25 E.  IS"*  110  45"  S. 

On  Big  fork  above  Deer  river,  T.  62-25 E,  toE.  10°S. 

On  Big  fork  above  Deer  river,  T.  62-25 E.  10^  S. 

On  Big  fork  at  Little  falls 8.  12"  to  IS"  E. 

On  Bl(t  fork  12  miles  below  Little  falls E.  10°  to  22°  S. 

On  Big  fork  at  Big  falls ....E. 

On  Big  fork  below  Sturgeon  river S.  34''E. 

On  Big  fork.l2  miles  below  Big  falls E  18°  to  22"  5. 

On  Big  fork  26  miles  below  Big  falls S.  M^W. 

On  Little  fork  4  miles  above  Rainy  river S.  40°  W. 

On  Rainy  rivet  2J  miles  below  Ft.  Francis S.  30"  W. 

On  Rainy  river  H  miles  below  Ft.  Francis S.  30°  W. 

On  Kabetogama  lake  near  Black  bay S .  42°  W . 

OnNamekan  lake,  west  end S.  30°  W. 

On  Sand  Points  lake,  10  miles  from  Vermilion  river S.  12°W. 

At  Tower,  south  of  Vermilion  lake S.  8°  W. 

Some  interesting  facts,  relative  to  the  direction  of  the  ice- 
movement,  are  brought  out  by  a  study  of  this  table.  It  is  seen 
that  there  is  a  broad  belt  in  which  the  movement,  as  indicated 
by  the  striee,  was  to  the  east  of  south  instead  of  west  of  south, 
as  would  be  expected  from  previously  observed  strife  along  the 
north  coast  of  lake  Superior  and  along  the  lakes  on  the  Inter- 
national boundary.  The  abrupt  change  from  southeast  to 
southwest,  as  shown  on  the  Big  fork,  is  certainly  suggestive, 
in  view  of  the  fact  that  the  region  is  a  very  level  one  so  that 
local  topography  can  hardly  be  appealed  to  for  an  explanation. 
Hardly  less  looked  for  is  the  lessening  of  the  westerly  move- 
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meat  noted  in  passing  from  Xamekan  lake  to  Vermilion  lake, 
since  the  coarse  is  directly  toward  lake  Superior.  So  far  as  I 
am  aware,  no  suggestion  of  a  caase  for  ao  easterly  movement  of 
the  ice  in  this  region  has  been  made  by  any  one.  In  fact,  I 
think  it  has  been  generally  supposed  that  the  movement  to  the 
southwest  along  lake  Superior  and  along  the  lakes  of  the  Inter- 
national boundary,  as  far  at  least  as  to  the  Lake  of  the  Woods, 
necessitated  a  parallel  movement  in  the  district  lying  between 
these  two.  That  such  was  not  always  the  case  is  shown  by 
the  evidence  here  recorded. 
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ITINERARY. 

The  writer  began  his  field  work  at  the  towc  of  Virginia,  in 
St.  Louis  county,  where  he  arrived  June  9,  1893.  June  23d.  he 
was  joined  by  a  competent  assistant,  Mr.  R.  P.  Johnston  of  St. 
Paul,  who  remained  with  him  throughout  the  rest  of  the  sea- 
son. Later  in  the  summer,  the  change  in  the  methods  of 
work  made  it  necessary  to  secure  another  assistant,  and  Mr. 
N.  J.  Cavanaugh  was  engaged  at  Mountain  Iron,  and  continued 
in  the  employ  of  the  survey  from  August  14  to  November  7. 

During  the  first  part  of  the  season  it  was  convenient  to  make 
headquarters  at  towns  and  mining  camps,  along  the  Mesabi 
range,  and  from  there  to  explore  and  map  the  surrounding 
country.  Soon  after  my  arrival  the  town  of  Virginia  was  de- 
stroyed by  a  forest  fire,  and  during  the  rest  of  my  stay  in  the 
vicinity,  I,  with  many  others,  was  indebted  to  the  generous 
hospitality  of  Mr.  R.  B.  Green.  On  June  27  we  went  to  the 
mining  town  of  Eveleth,  in  sec.  31,  T.  58-17,  where  we  made 
our  headquarters;  from  Eveleth  the  next  move  was  to  McKin- 
ley;  from  McKinley  to  Biwabik;  and  from  Biwabik  to  Moan- 
tain  Iron.  Having  at  length  completed  the  survey  of  the  Me- 
sabi in  ranges  16-19  west,  a  reconnoissance  of  the  country  lo 
the  north  was  undertaken.  The  services  of  Mr.  Cavanaugh 
were  secured,  and  on  August  15  our  party  of  three  left  Moun- 
tain Iron  on  foot,  with  a  tent,  camping  outfit,  and  two  weeks' 
provisions  in  our  packsacks.  Our  route  lay  along  the  trail  on 
the  line  between  ranges  18  and  19,  which  we  followed  without 
difBcnlty,  save  in  one  ease  where  a  detour  into  T.  60-19  is 
made,  and  where  nearly  two  days  were  spent  in  finding  it. 
This  brought  us,  in  the  northern  part  of  T.  31-18.  to  the  Stur- 
geon river  road,  which  runs  west  from  Tower  to  Sturgeon 
river.    This  we  followed  into  Tower, 

After  some  slight  examination  of  the  vicinity  of  Tower,  two 
canoes  were  bought,  and  we  left  the  town  August  30  and  made 
our  way  up  the  Pike  river.  The  portages  upon  the  upper  part 
of  this  stream  have  been  disused  for  some  time,  so  that  pro- 
gress was  somewhat  difficult,  and  the  old  portage  to  the  Em- 
barras  lakes  was  passed  by  unnoticed.  We  therefore  kept  on 
till  we  reached  the  county  road,  a  few  miles  west  of  Merritt. 
From  this  point  a  portage  was  made  to  the  Embarras  lake  at 
Merritt. 

In  order  to  gain  some  idea  of  the  country  lying  south  of  the 
Mesabi  range  and  north  of  the  immediate  vicinity  of  Carlton 
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county,  our  party  set  out  ogaia  from  Merritt  September  6th, 
and  canoed  down  through  the  Embarras  lakes  and  Esquagama 
lake,  through  the  Embarras  river  to  the  St.  Loais  river  and 
down  this  latter  stream  as  far  as  the  crossing  of  the  Dululh, 
Missabe  and  Northern  railroad,  at  Albert.  Some  attempt  was 
made  to  follow  this  river  further  down,  but  passage  became 
progressively  more  difficult,  on  account  of  log  jams,  and  the 
country  was  so  anpromising  for  discoveries  of  geological  im- 
portance that  it  seemed  wise  to  turn  back.  At  Albert,  therefore, 
canoes  and  camp  furniture  were  loaded  into  a  train  and  carried 
to  the  crossing  of  the  White  Face  river,  at  Kelsey.  From  here 
an  expedition  was  made  up  the  White  Face  river  for  some 
twenty-five  miles,  and  back  to  the  same  point  After  this  trip 
the  canoes  were  disposed  of,  and  the  rest  of  the  season's  work 
was  done  on  foot,  with  the  aid  of  raih-oads  when  these  were 
convenient.  For  the  reconnoissance  of  much  of  the  southeast- 
em  part  of  St  Louis  county,  the  Duluth,  Missabe  and  Northern 
railroad  between  the  stations  Kelsey  and  Pine  (on  White  Pine 
creek)  was  made  a  center  and  base  of  supplies.  On  September 
28th  we  packed  from  Columbia  Junction  to  Stony  Brook  Junc- 
tion, on  the  Duluth  and  Winnipeg  railroad  at  the  St.  Louis 
river. 

From  Stony  Brook  Junction  we  worked  both  east  Euid  west, 
using  the  railroad,  as  before,  for  our  base  of  supplies.  On  the 
west,  we  worked  past  Floodwood;  and  on  the  east,  down  into 
Carlton  county.  On  October  24th  we  crossed  the  St.  Louis  river 
at  Nagonab  on  a^og  jam,  and  made  our  way  north  along  White 
Pine  creek  to  the  Duluth,  Missabe  and  Northern  railroad. 
Crossing  this,  we  kept  on  northward  to  the  Cloquet  riverroad, 
which  runs  westward  from  Duluth.  Having  from  this  route 
completed  the  reconnoissance  of  the  southeastern  comer  of  St. 
Louis  county,  the  same  road  was  followed  westward,  across  the 
Cloquet  and  St.  Louis  rivers,  to  Floodwood;  and  thence  north 
to  Floodwood  lake.  From  Floodwood  lake  north  the  trail  could 
not  be  followed,  but  by  pressing  onward  through  the  woods  we 
reached  the  unfinished  Duluth,  Mississippi  River  and  Northern 
railroad,  and  in  a  few  days  arrived  at  Hibbiag,  on  the  Mesabi 
range. 

At  Hibbing,  Mr.  Cavanaugh  left  us.  From  this  point  and 
from  the  various  mining  camps  in  the  vicinity  that  part  of  the 
Mesabi  range  which  lies  in  ranges  20  and  21  was  carefully  ex- 
amined, so  far  as  circumstances  would  allow,  as  far  west  as  the 
Mesabi  Chief  mine  in  sec.  22.  T.  57-22.     When  this  task  was 
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«ompleted,  the  weather  had  become  unfavorable  for  further 
vork.  We  therefore  left  the  field,  and  on  November  18th  Mr. 
Juhnston  and  myself  reached  Minneapolis. 

ABEA  MAPPED. 
During  the  season  sixty-two  towns  were  roughly  mapped, 
both  geologically  and  to  some  extent  topographically.  When 
it  is  considered  that  these  represent  2,232  square  miles,  and 
that  all  the  information  which  we  have  in  regard  to  them  was 
obtained  by  one  person  in  five  months,  and  was  secured  in 
often  unfavorable  circumstances,  it  will  be  seen  that  there  can 
be  no  possibility  of  having  done  careful  and  detailed  work  on 
most  of  the  area,  and  the  errors  which  will  doubtless  be  de- 
tected may  be  fully  accounted  for. 

QEOLOQIOAL  METHODS. 

Somewhat  careful  and  detailed  work  was  done  along  the 
Mesabi  range,  in  ranges  16  to  21.  This  is  the  most  varied  and 
interesting  district  in  the  territory  examined,  both  geologically 
and  topographically.  Here  the  limits  and  relations  of  the  dif- 
ferent formations  were  carefully  traced,  most  of  the  test-pits 
were  visited,  and  a  collection  which  was  especially  rich  in  the 
various  phases  of  the  irou-bearing  rock  was  made.  The  open- 
ing up  of  the  country  by  the  exploration  for  iron,  and  the  out- 
ting  of  roads  and  trails,  made  this  detailed  study  possible. 

Outside  of  this  district,  however,  the  country  was  passed 
over  at  wide  intervals,  so  that  only  a  general  knowledge  of  its 
features  was  obtained,  which  may  be  a  guide  to  future  work. 
There  are  some  interesting  special  results,  but,  as  a  whole,  it 
should  be  considered  in  the  tight  of  a  reconnaissance. 

TOPOBRAPHTOAL  METHODS. 

Contour  lines  have  been  drawn  for  the  whole  area  mapped, 
for  each  fifty  feet  above  the  level  of  the  sea.  In  determining 
elevations  the  aneroid  barometer  was  used,  and  sketching  was 
often  resorted  to.  Valuable  checks  were  obtained  at  numerous 
places  by  bights  determined  by  levelling,  especially  along  the 
lines  of  railroad. 

The  most  varied  topography  was  along  the  Giant's  range  of 
hiUs,  and  here,  where  necessary,  every  section  line  was  gone 
over  and  readings  taken  at  short  intervals.  In  the  less  varied 
country  north  of  the  Giant's  range  fewer  determinations  by 
barometric  readings  were  possible,  and  sketching  and  to  some 
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extent  the  use  of  the  hand-level  took  their  place.  Much  of  the 
territory  lying  south  of  the  range  is  exceedingly  monotonous, 
so  that  the  placing  of  the  contour  lines  here  was  very  simple. 

SALIENT  POINTS  IN  THE  GEOLOGY. 
Of  the  many  varied  and  interesting  observations  which  were 
made  during  the  summer,  it  is  the  purpose  of  this  report  to 
give  not  more  than  a  brief  ontline.  The  fuller  discussion  of 
the  various  problems  involved  will  appear,  or  has  already  ap- 
peared, in  various  other  publications  of  the  survey,  and  else- 
where. 

I.   THE  GIANT'S  RANGE  OBANITE. 

It  will  be  necessary  first  to  speak  of  the  granite  of  the  Giant's 
range,  although  properly,  in  the  order  of  its  age,  this  should 
come  after  the  Keewatin  rocks.  The  granite,  which  is  nom- 
inally of  the  hornblende- biotite  variety,  constitutes  a  continu- 
ous belt,  several  miles  in  width  and  upwards  of  a  hundred 
miles  in  length,  which  runs  about  N.  70°  E.  across  the  area 
examined.  The  divide  between  the  great  drainage  basins  of 
the  Red  river  on  the  north  and  the  St.  Lawrence  system  on 
the  south  follows  for  many  miles  this  granite  ridge. 

Formerly,  this  granite  had  been  generally  assumed  to  re- 
present sedimentary  beds  altered  in  situ,  to  be  of  Laurentian 
age,  and  to  repose  stratigraphically  beneath  the  schists  (of 
Keewatin  age)  with  which  it  is  associated.  But  the  develop- 
ments of  this  season's  work  show  conclusively  that  this  rock, 
whatever  its  earlier  history  and  derivation,  is  in  its  present 
position  intrusive,  and  is  younger  than  the  Keewajtln  rocks. 
The  study  of  other  granitic  and  gneissic  areas  in  northeastern 
Minnesota  has  in  other  cases  led  to  a  similar  conclusion,*  and 
so  the  limits  of  the  old  Laurentian  area  have  been  considerably 
reduced. 

The  reasons  for  assigning  to  this  rock  an  intrusive  origin  are 
those  of  the  ordinary  nature,  and  may  be  thus  in  part  enumer- 
ated: 

1.  Contacts  have  been  found,  which  show  the  granite  send- 
ing stringers  into  the  schists  along  the  line  of  junction. 

2.  The  granite  contains  numerous  inclusions  of  the  schists, 
and  of  all  sizes.     These  fragments  show  various  stages  of 

■Dr.  C.e.OraDt.  Twentieth  Add.  Bep.  of  thlsaurTej,  pp.  SS-flS;  TweDtr-t^lrat  Add. 
Bep..  pp.  N-N.  The  probability  at  a  larf«  portion  at  (he  Olaota'  range  being  ol  the 
natare  of  emptlTe  rock  was  shown  by  Prot.  N.  H.  Wlachell  In  tbe  Fltteenih  Annual 
Report,  pp.  sn  M9;  SeTenteenth  Report,  pp.  91, 30. 31.  ST. 
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metamorphism  and  recrystallization,  wMch  in  general  seem  to 
var;  with  the  size. 

3.  At  the  contact,  the  schists  are  more  or  less  metamor- 
phosed. 

i.  In  two  instances  at  least,  the  granite  nearly  satrounds 
areas  of  schist,  which  are.  however,  still  connected  with  the 
main  hody.  These  peninsular  areas  show  mach  greater 
metamorphism  than  the  main  body.     (See  Plato  III). 

5.  In  T.  58-17  are  two  lenticular  masses  of  granite,  separated 
from  the  main  body,  and  surrounded  by  the  schists.  The 
longest  axes  of  these  bodies  are  parallel  with  the  general  trend 
of  the  main  body;  in  mineral  composition  they  are  identical, 
and  in  texture  they  correspond  to  the  phase  in  the  main  body 
which  is  commonest  near  the  contact  with  the  schists.  They 
are  undoubtedly  the  surface  exposures  of  apophyses  from  the 
main  mass. 

6.  Near  the  contact,  the  granite  is  fine-grained;  but  as  the 
distance  increases,  it  becomes  coarser  and  often  porphyritic. 

It  is  not  possible  to  consider  the  question  whether  or  not  this 
granite  consists  of  buried  and  fused  acid  sediments  of  tlie  Lau- 
rentian,  which  by  the  movements  of.  the  inner  crust  were  in- 
truded among  the  later  strata,  and  there  recrystallized.  The 
northern  contact  of  (he  granite  with  the  schi&ts,  though  still 
distinct,  is  mach  more  complicated  than  at  the  south,  and  this 
might  suggest  the  idea  that  this  is  nearer  the  ancient  granitic 
reservoir. 

2.    THE  KEEWATIN  SEBlfcS. 

Among  the  furmatious  mapped  was  a  hitherto  unexplored 
area  of  Keewatin  rocks,  lying  south  of  the  granite  belt  above 
described.  Frequent  specimens  were  collected  here,  but  no 
special  microscopic  stndy  has  been  attempted.  It  is  evident 
that  the  rocks  vary  in  origin,  some  being  undoubtedly  igneous, 
while  others  have  had  a  simple  iletrital  origin.  They  are  trav- 
ersed by  a  regional  cleavage  which  has  a  nearly  uniform  tr^nd 
of  about  N.  70°  E.,  and  a  hade  which  is  nearly  vertical.  Most 
of  the  rocks  are  marked  by  the  development  of  sericite  and 
kindred  minerals,  resulting  in  the  familiar  '  'green  schist"  which 
has  been  considered  the  lithological  peculiarity  of  the  Kee- 
watin. 

Near  the  contact,  however,  as  has  been  noted,  and  especially 
in  those  positions  where  they  are  partly  surrounded  by  the 
granite,  these  schists  have  been  altered  into  more  perfectly 
crystalline  hornblende  and  mica  schists.     The  distribution  and 
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relation  of  these  (irystalliiie  schists  make  it  clear  that  they 
represent  no  distinct  stratigraphical  division,  but  are  simply 
among  the  contact  phenomena  of  the  granite.     (See  Plate  III.) 

The  chief  interest- in  this  lies  in  the  fact  that  the  hornblende 
and  mica  schists  have  in  general  been  considered  as  peculiar 
to  a  lower  horizon  than  the  Keewatin — the  Vermilion  or  Cout  ■ 
chiching, — and  their  existence  has  been  held  as  sufficient  evi- 
dence of  the  age  of  the  rocks  in  any  given  case.  In  the  dis- 
trict examined,  however,  it  appears  that  this  rule  will  not  hold. 

On  the  other  hand,  in  those  parts  of  the  Keewatin  further 
from  the  granite,  especially  in  the  southern  part  of  T.  58-17, 
there  were  found  rocks  which  were  undoubtedly  elastics, 
cleaved  but  not  greatly  metamorphosed,  states  and  quartzytes. 

To  sum  up,  there  are  in  the  Archean  of  the  Mesabi  range 
rocks  which  according  to  their  lithologtcal  features  might  be 
held  to  represent  three  great  horizons:  The  granites  (some- 
times gnei8s!c),the  Laurentian;  the  hornblende  and  mica  schists, 
the  Vermilion  or  Coutchiching;and  finally  the  sericitic  schists, 
the  Keewatin.  Actually,  however,  we  are  as  yet  unable  to 
make  any  stratigraphical  subdivision  of  the  Archean  in  this 
place.  In  classifying  the  sericitic  schists  as  Keewatin,  we 
must  assign  to  the  same  period  all  except  the  granite,  and 
include  the  crystalline  schists  and  the  simple  detritals. 
Tht  Thomaon  Ulatet.* 

The  detrital  series,  which  is  well  exposed  in  Carlton  county, 
especially  along  the  St  Lonis  river  from  Thomson  to  Cloquet, 
was  traced  for  some  distance  further  north  than  before  known, 
into  St.  Louis  county.  The  northernmost  outcrop  was  in  sec. 
27,  T.  51-19;  and  further  north  still  the  drift  suggests^hat  this 
continues  to  be  the  underlying  rock. 

These  slates  and  graywackes  have  been  sharply  folded,  and 
subsequently  were  subjected  to  strains  which  induced  two  sets 
of  regional  cleavage.  Oi  these  the  most  prominent,  and  appar- 
ently the  first  developed,  varies  from  N.  60°  E.  to  nearly  east- 
and-west.  Near  Cloquet,  where  a  later  dike  cuts  the  slates,  a 
third  cleavage  is  locally  induced. 

These  rocks  were  correlated  by  Irvingt  with  the  Animikie  of 
the  Mesabi  range,  and  subsequent  writers  have  accepted  this 
correlation.  There  seems  to  be  a  preponderance  of  evidence, 
however,  in  favor  of  considering  them  the  equivalent  of  the 


•Cr.    "The  MriitlKraplilc  position  of  the  Thomson  ilktes,"   by  J.  B.  Sparrj   Aiuer. 
our.  acl.,  in,  vol.  xlTlll,  pp.  aa-lM.  Aug.,  18H. 
t  Seventh  Ann.  Bep,  U.  S.  0«ol.  Surre;,*p.  «S, 
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Keewatm  of  the  Mesabi  range  rather  than  the  Animikie,  and 
thus  placing  them  below  the  great  unconformity  which  is  there 
displayed. 

3.    THE  ANIMIKIG  SERIES.. 

Upon  the  Mesabi  range  the  rocks  of  the  Animikle  series  rest 
unconformably  upon  the  Keewatin  schists.  To-  the  north  they 
abut  against  the  schists  or  the  granite;  while  on  the  south  they 
are  covered  by  a  great  thicicness  of  drift.  The  exposed  belt 
thus  follows  the  general  strike  of  the  strata,  which  in  turn  cor' 
responds  closely  with  the  trend  of  the  GiaQt*s  range  of  hills. 

The  observations  upon  the  geology  of  the  Animikie.  and 
especially  of  the  iron-bearing  member,  have  been  incorporated 
in  Bulletin  10  of  the  survey.  Excepting  the  belt  above  de- 
scribed, no  other  areas  ware  encountered  whose  rocks  were 
distinctly  referable  to  this  period. 

4.    TBEORETACBOUS  BEDJ. 

The  existence  of  certain  small  areas  of  conglomerates  and 
shales  which  from  their  fossils  proved  to  be  Cretaceous  has  . 
already  been  noted  by  Mr.  H.  V.  Winchell.*  These  Cretaceous 
strata  are  found  only  in  small,  isolated  areas,  so  far  as  is  yet 
known;  and  these  seem  to  be  but  the  remains  of  a  greater 
sheet  which  has  been  stripped  away  by  erosion.  They  lie  un- 
conformably upon  the  Animikie  strata;  and  in  the  places  iden- 
tified have  apparently  derived  most  of  their  material  from  the 
rocks  of  the  iron-bearing  member. 

That  they  were  laid  down  close  to  the  shore  is  indicated  not 
only  by  their  conglomeratic  and  shaly  characters,  but  also  by 
the  presence  of  numerous  fragments  of  fossil  wood,  .which  are 
found  imbedded  among  other  materials.  In  one  of  the  locali- 
ties, moreover,  a  conglomerate  of  this  sort  is  closely  associated 
with  a  lignitic  swamp  deposit,  showing  that  by  a  slight  sub- 
sidence a  coastal  swamp  had  become  transformed  into  a  sea- 
beach.  From  the  presence  of  these  scattered  fragments  of 
purely  littoral  deposits,  and  the  absence  of  any  rocks  indicative 
of  deeper  water  conditions,  it  is  possible  that  this  region  may 
actually  have  been  the  extreme  limit  of  the  Cretaceous  ocean. 

5.    THE   DBIFT. 

Two  moraines  cross  the  area  examined — the  Mesabi  moraine 
on  the  north,  which  in  general  follows  the  Giant's  range  of 
hills;  and  on  the  south,  very  near  the  junction  of  St.  Louis  and 

•American  Geologist.  Ootober,  1W3.  p.  V30, 
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Carlton  couaty,  another,  which  has  been  identified  by  Mr. 
Upham  with  the  X^eaf  Hills  moraine,  further  northeast.  In  the 
nature  of  their  composition,  these  two  moraines  are  character- 
istic, and  yet  strikingly  different.  That  of  the  Mesabi  range 
contains  bonlders  which,  when  of  large  size,  are  generally  of 
granite,  evidently  derived  from  the  Giant'  range  and  the  more 
extensive  areas  further  north.  The  more  southern  moraine  is 
characterized  by  the  constant  presence  of  large  boulders  of  the 
coarse  asorthosyte  and  other  rocks  which  are  found  chiefly  in 
the  Keweenawan  province,  and  so  must  have  come  in  a  south- 
westerly direction. 

North  of  the  Gif^pt's  range,  as  far  as  the  Vermilion  range, 
the  drift  consists  mainly  of  till  and  little- washed  gravels,  but 
so  scant  in  quantity  that  they  determine  the  topography  only 
to  a  minor  extent. 

Between  the  Mesabi  moraine  and  that  on  the  south  lies  an 
area  which  is  nearly  flat,  but  slopes  gently  toward  the  south. 
A  large  part  of  this  is  occupied  by  a  swamp,  of  the  common 
and  well-defined  variety  which  is  called  by  the  Indian  name 
"muskeg."* 

Where  cuts  have  shown  the  nature  of  the  soil  which  under- 
lies the  peat,  it  is  usually  of  sand  or  stratifled  'gravels.  A  large 
area  lying  chiefly  between  the  St.  Louis  and  the  Fioodwood 
river,  ia  composed  of  a  uniform  siliceous  clay,  or  extremely 
fine  sand.    This  is  not  encumbered  with  muskeg. 

Unmodified  drift,  however,  encroaches  upon  the  area  in 
many  cases.  Noteworthy  ana  interesting  are  the  occurrences 
in  the  southeastern  part,  especially  noted  between  Grand  lake 
and  the  Cloquet  river.  Here  in  numerous  cases  cuts  show  a 
veneer  of  till,  with  many  boulders  (chiefly  of  anorthosyte  and 
other  r»cks  characteristic  of  the  Keweenawan  province),  which 
covers  an  apparently  Seep  deposit  of  fine,  perfectly  stratified 
sand.  This  must  indicate  a  late  advance  of  the  ice  after  the 
deposition  of  most  of  the  drift  of  this  muskeg  area;  and  the 
similarity  of  the  boulders  in  this  till  to  those  of  the  southern 
moraine  suggests  that  they  both  may  be  referred  to  the  same 
episode. 

■TblB^ame  1b  dlitlaatlTS.  aad  sboald  be  ratalaed.  The  muskeg  supports  a  thlok 
growlli  of  mones  and  water-loving  plants,  and  Is  always  sprinkled  with  stunted 
apruoe  and  tamarack  tree*.  In  dlstlactloD  from  the  "oedar  Hwamp"  the  muskeg  or 
"tamarkch  swamp"  to  In  the  geological  sense  k  true  swump,  I.  e..  Its  soil  coaalsts  ol 
peaty  material  which  represents  the  aceumulatloa  of  vegetation  In  shallow  bodies  of 
standi  Dg  water. 
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7%e  Dudteat  ^ugh. 
The  St.  Louis  river  skirts  the  northem  border  of  the  sonUi- 
em  of  the  two  morajnes  described,  and  is  thus  deflected  east- 
erly from  its  previons  coarse.  In  T.  50-17  it  cuts  across  the 
morainic  tract  and  resumes  Its  southerly  coarse.  At  the  bend, 
□ear  the  junction  of  the  river  with  White  Pine  creek,  there  is 
an  interesting  abandoned  postglacial  valley.  This  is  now  com- 
paratively dry,  or  at  most  swampy,  and  is  strongly  marked  for 
a  large  part  of  its  course  by  distinct  escarpments.  The  point 
of  its  leaving  the  present  river  channel  and  that  of  rejoiniDg 
are  within  two  miles  of  one  another.  This  old  river-bed  repre- 
sents an  ox-bow  cut-off,  and  differs  from  the  ordinary  occurrence 
in  that  the  area  enclosed  by  the  cutoff  is  hilly  and  morainic. 
It  goes  by  the  name  of  the  Ducheaa  slough,  and  is  the  proposed 
northem  terminus  for  the  projected  canal  to  furnish  water- 
power  for  Duluth. 
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LIST  OF    ROCK   SAMPLES   COLLECTED  LN  1893 


BY  J.  E.  SPURR. 


Most  of  the  specimens  were  collected  from  the  iroQ-beariug 
rocks  of  the  Mesabi  ranf^e;  and  from  the  study  of  these  speci- 
mens have  been  derived  man;  of  the  results  which  have  been 
incorporated  in  Bulletin  No.  X  of  this  surrey.  For  the  nomen- 
clature of  tfacije  irou-bearii^  rocks,  and  an  explanation  of  the 
terms  used,  this  bulletin  should  be  consulted,  especially  the 
final  discussion  on  page  248.  All  the  specimens  from  the  Mesabi 
range  were  taken  from  the  general  region  included  between 
ranges  16  and  21. 

Many  of  the  samples  of  other  rocks  were  collected  with  a 
view  to  their  bearing  upon  the  problem  of  the  iron  ores;  while 
others  had  no  connection  with  this  subject.  The  collection  is 
intended  to  represent  as  completely  as  possible  the  known 
fonnations  between  Carlton  county  on  the  south  and  the  region 
of  Vermilion  lake  on  the  north,  in  ranges  16  to  21. 

In  general,  this  catalogue  is  to  be  considered  as  compiled 
simply  for  convenience  of  reference;  the  rocks  are  indicated 
by  field  names,  which  may  often  prove  upon  close  study  to  be 
incorrect,  and  are  perhaps  manifestly  indefinite.  No  study 
sufficient  to  permit  of  an  accurate  description  of  some  of  the 
rocks  has  as  yet  been  made,  except  in  the  case  of  the  rocks  of 
the  Mesabi  iron-bearing  formation. 

Eocks  of  this  series  are  numbered  in  white,  each  number  fol- 
lowed by  the  letter  S,  to  distinguish  them  from  the  other  series 
of  the  survey  and  museum. 
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10.  Gray  taconyte  (magnetitic).  N.  W.  J  N.  W.  i  sec.  3, 
58-17. 

11.  Light  gray  porons  taconyte,  banded  with  magnetite. 
Same  locality. 

12.  Pale  pink  friable  decomposed  taconyte,  stained  brown 
in  places  by  iron  oxide.  N.  W.  i  N.  E.  i  sec.  9,  58-17.  Near 
the  town  of  Virginia. 

13.  Hard  lean  iron  ore  (hematite).  From  the  Rouchieau 
(Norman)  mine,  near  Virginia. 

14.  Hard  green  taconyte.  banded  with  magnetite.  S.  E.  i 
N.  E.  i  sec.  SO.  58-17. 

15.  Granular  qnartzyte.     S.  E.  i  8.  E.  i  sec.  29,  58-17. 

16.  Pebbly  quartzyte,  decomposed  and  stained  red  by  iron. 
Same  locality. 

17.  Dark  green  spotted-granular  taconyte.  S.  E.  ^  S.  E.  ^ 
sec.  30,  58-17. 

18.  Jointed  taconyte  slate.  S.  E.  i  S.  W.  i  sec.  20,  58-17. 
From  the  face  of  a  steep  clifT. 

19.  Gray  siliceous  taconyte,  chanj;ed  in  part  to  brown  pul- 
verulent rock.    8.  W.  i  N.  W.  i  sec.  31,  58-17. 

20.  Siliceous  and  maguetitic  taconyte,  a  pseudo-conglom- 
erate.    S.  W.  i  sec.  34.  58-17. 

21.  Taconyte  breccia.     S.  E.  J  sec.  30.  58-17. 

22.  Taconyte.  pseudo- conglomeratic.     Same  locality  as  20. 

23.  Pine-grained  quarUyte.     N.  W.  i  N.  E.  i  sec.  33.  55-17. 
21.     Gray  slate.     N.  E.  i  N.  W.  i  sec.  33,  53-17. 

25.  Taconyte.  heavily  magnetitic.  Psaudoconglomeritic. 
S.  W.  i  S.  W.  i  sec.  34,  58-17. 

26.  Hard  hematite,  coated  with  limonite  or  gothite.  N.  W. 
i  S.  W.  i  sec.  34.  5&-17. 

27.  Sideritic  chert  banded  with  siliceous  and  chloritic  slates. 
N.  E.  i  S.  E.  i  sec.  33,  58-17. 

28.  Taconyte  slate  (magnetitic)  with  residual  fragment  of 
red  siliceous  spotted -granular  taconyte.     Same  locality, 

29.  Taconyte  slate  (magnetitic).     Same  locality. 

30.  Taconyte  slate  (magnetitic),  jointed.     Same  locality. 

31.  Gray  jasperoid  taconyte.  changing  to  light  yellow  pul- 
verulent rock.  From  the  Rouchieau  (Norman)  mine,  near 
Virginia. 

32.  Gray  jasperoid  taconyte,  altered  in  part  to  hard  brown 
jasperoid  taconyte.     Same  locality. 

33.  Green  chert,  with  a  finely  brecciated  band.  From  S.  E- 
i  S.  W.  i  sec.  8,  58-17. 
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34.  Gray  siliceous  spotted  granular  tacooyte.  Probably 
from  sec.  17,  5817,  near  Virginia. 

35.  Reddish  taoonyte  jasper,  banded  with  magnetite,  and 
showing  pitted  decomposition.  From  Chicago  property,  in  S. 
E.  \  sec.  4.  58-16. 

36.  Light  gray  siliceous  taconyte.  showing  pitted  decom- 
position.    Same  locality. 

37.  Gray  taconyte,  impregnated  with  oa^cite  or  magneslte, 
and  containing  a  fine-grained  green  residual  fragment.  Same 
locality. 

38.  Light  green  siliceous  taconyte.    Same  locality. 

89.  Light  green  spotted-granular  taconyte  (green-sand- 
stone?).    Same  locality. 

40.  Banded  taconyte  jasper,  with  bands  of  hard  hematite. 
Prom  Iron  Cliff,  S.  E.  i  N.  W.  i  sec.  36,  59-17. 

41.  Dark  red  siliceous  taconyte,  with  sand  grains.  Same 
locality. 

42.  Gray  jasperoid  taconyte,  changing  to  hard  hematite, 
and  stalactitic  limonite.    S.  E,  i  S.  E.  i  sec.  5,  5816. 

43.  Altered  conglomeritic  quartzyte.  S.  E.  i  S.  W.  J  sec. 
4,  58-16. 

44.  Contact  facies  of  mica  schist.  S.  W.  J  N.  W.  J  sec.  35, 
59- 17. 

45.  Mica  schist.  45  paces  north  of  44,  and  nearer  contact. 
Same  locality. 

46  Actinolite  (?)  schist.  Same  locality  as  45,  within  five 
feet  of  contact  with  granite. 

47.  Contact  of  granite  (hornblende  biotite)  with  Keewatia 
schist    Same  locality. 

48.  Biotite  schist,  in  contact  with  granite,  as  above.  From 
the  main  contact  of  the  two  formations.     Same  locality. 

49.  Contact  of  small  stringer  of  granite  with  the  schist  as 
above.    Same  locality. 

50.  Granite  (hornblende  biotite)  from  within  a  few  feet  of 
the  contact.    Same  locality. 

51.  Granite  (hornblende  biotite),  like  50.  From  N.  E.  ^  N. 
E.  i  sec.  7,  58-16. 

52.  Granite,  gneissic.    About  S.  W.  i  S.  W.  i  sec.  21,  59-17. 

53.  Dark  green  spotted- granular  taconyte  (green-sand- 
stone?), in  contact  with  black,  carbonaceous  shale.  From  the 
Chicago  property,  in  the  S.  E.  i  of  sec.  4,  58-16. 

54.  Green  schist,  part  stained  brown  by  contact  with  the 
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iron  of  the  iron-bearing  rocks.     From  the  Hale  mine,  S.  E.  \ 
N.  W.  isec.  1,  58-16. 

55.  Mottled  greenstone.     N.  W.  J  8.  W.  J  sec.  34,  5916. 

56.  Dark,  spotted  greenstone.  S.  E.  ^  8.  B.  ^  sec.  36,  59-16. 

57.  Mica  schist.     N.  W.  i  8.  W.  i  sec.  27,  59-18. 

58.  Hornblende  schist.     About  200  paces  north  of  57. 
69.     Mottled  actinolite  (?)  schist.     Same  locality. 

60.  Muscovite  (?)  schist.    Occurs  interbanded  with  59. 

61.  Conglomerate,  probably  Cretaceous.  S.  E.  J  N.  E.  Jseo. 
6,  58-17. 

62.  Conglomerate  (probably  Cretaceous),  thoroughly  iron 
stained.     N.  E.  i  N.  E.  i  sec.  10,  53-18. 

63.  Chip  from  boulder  of  hard  iron  in  conglomerate.  Partly 
magnetic,  much  pyritized.     Same  locality. 

6i.     Red  siliceous  jointed  taconyte,  somewhat   decomposed. 
8.  W.  i  8.  W.  i  sec.  2,  58-18. 

65.  Same  as  64.     Same  locality. 

66.  Decomposed    taconyte  (pseudo-conglomerate).      Same 
locality. 

67.  Conglomerate,   thoroughly    ferrated    and  changed  to 
lean  ore.     Probably  Cretaceous.     Same  locality  as  62  and  63. 

68.  Brecciated  taconyte,  cherty  and  jasperoid  fragments  in 
a  spotted-granular  matrix.     N.  W.  i  S.  W.  i  sec.  2,  58-18. 

69.  Postglacial  taconyte  conglomerate.     From  the  drift,  a 
mile  south  of  Mountain  Iron,  in  58-16. 

70.  Banded  silica-kaolin.     S.  E.  i  N.  E.  ^  sec  6,  56-17. 

71.  Compact   taconyte  gritrock.       S.  W.  i  N.  E.  i  sec.  3, 
58-18. 

72.  Taconyte  breccia.     N.  W.  i  S.  W.  J  sec.  2,  58-18. 

73.  Same  as  72. 

74.  Taconyte  breccia,  showing  pitted  decomposition.     Same 
locality. 

76.  Dark  gray  impure  limestone.     N.  W.  J  N.  E.  i  sec.  7, 
58-17. 

77.  Same  as  76. 

78.  Dark  red  taconyte.    N.  W.  i  S.  W.  i  sec.  2,  68-ia 

79.  Taconyte  breccia.    8ame  locality  as  72. 

80.  Same  as  79. 

81.  Taconyte  hematite  slate,  jointed.     S.  W.  i  N.  W.  i  sec, 
3,  58-18. 

82.  Drill  core  of  taconyte.     S.  E.  i  N.  E.  i  sec.  6,  58-17. 

83.  Same  locality.    Slightly  different  phase. 

84.  Fragment  (taconyte?).     S.  W.  i  S.  W.  J  sec.  35,  59-18. 
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85.  Tacouyte  pseudo-conglomerate.  A  decomposition  phase. 
Same  locality  as  66. 

86.  C!ongloiuerate  (probably  Cretaceous).      Same  locality 
as  82. 

87.  Same  as  86,  with  incrustation  of  siderite  (?).     Same 
locality. 

88.  Consolidated  carbonaceous  clay  (probably  Cretaceous). 
Same  locality. 

89.  Taeonyte  (?)  shale.     8.  E.  i  sec.  9,  58-18. 

90.  Same,  banded.    Silica-kaolin?    Same  locality. 

91.  Taconyte  ( ?)  shale.     Same  locality. 

92.  Same.     Same  locality. 

93.  Taconyte  jasper.     From  the  Snively  property,  S.  W.  i' 
N.  W.  i  sec.  3.  58-18. 

94.  Massive  hornblende  rock.    8.  W.  i  N.  E.  J  sec.  17,  59-17. 

95.  Sericitic  (?)  schist.     N.  W.  i  N,  W.  i  sec.  32,  B9-17. 

96.  Taconyte  jasper,  with  disseminated  crystals  of  magne- 
tite.    N.  E.  }  N.  E.  i  sec.  23,  59-18.    Probably  from  drift. 

97.  Taconyte  jasper,  with  coating  of  limonite.    Prom  the 
rock-blnff  to  the  north  of  Mountain  Iron  mine,  58-18. 

98.  Jointed  magnetite  slate  (taconyte?),     N.  W-i  N.  W.  J 
sec.  8,  58-18. 

99.  Taconyte  chert,  changing  to  taconyte  slate,  magnetitie. 
Same  locality. 

100.  Reddish  taconyte,  changing  to  taconyte  slate.     S.  E.  i 
N.  E.  J  sec.  7.  58-18. 

101.  TaconytG(?)  shale.     S.  E.  i  N.  W.  i  sec.  18,  58-18. 

103.  Same  as  101.     Same  locality. 

104.  Preglacial  wood.     From  drift.    Same  locality  as  101. 
etc.,  and  imbedded  in  th^  soft  shale  in  part. 

105.  Conglomerate  (probably  Cretaceous).     From  drift  at 
same  locality. 

106.  Same  as  105.    Same  locality. 

107.  Gray  siliceous  taconyte.    S.  W.  i  S.  E.  i  sec.  2,  58-19. 

108.  Porous  taconyte.     8.  E.  i  8.  W.  i  sec  8,  58-19. 

109.  Siliceous  taconyte.     Same  locality. 

110.  Porous  and  siliceous  taconyte.     Same  locality. 

111.  Siliceous  taconyte,   changing  to  taconyte  slate,    and 
coated  with  dendrites  of  maganese  (wad?). 

112.  Sideritic  and  cherty  slate.     N.  W.  i  N.  E.  i  sec.  17, 
58-19. 

113.  Same.     Same  locality. 

114.  Same,  more  deflaitely  banded.     Same  locality. 
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115.  Same.     Same  locality. 

116.  Same.     Same  localitiy. 

117.  Same.     Same  locality. 

118.  Cherty  slate.    S.  W.  i  S.  W.  i  sec.  17,  58-19. 

119.  Yellow  taconyte  gritrock,  changing  to  brown  taconyte 
jasperoid.    N.  E.  i  S.  W.  i  sec.  17.  58-19. 

120.  Gray  chert,  chaoging  to  porous  pulverulent  rock  (grit- 
rock).     Same  locality. 

121.  Same.     Same  locality. 

122.  Cherty  slate.    Same  losality  as  112.  etc. 

123.  Gray  siliceous  taconyte.  changing  to  taconyte  slate. 
S.  E.  i  N.  E.  i  sec.  17,  S&-19. 

124.  Siliceous  and  decomposed  taconyte,  with  coating  of 
limonile.     N.  E.  J  S.  W.  i  see.  \17,  58-19. 

125.  GlaucoDitic  taconyte.     From  near  124. 

126.  Honeycombed  limonita.     From  near  124  and  125. 

127.  Banded  taconyte  slate.     Same  locality  as  123. 

128.  Siliceous  taconyte.     S.  E.  J  S.  E.  i  see.  18.  58-19. 

129.  TEiconyte  chert.     Same  locality. 

130.  Same.     Same  locality. 

131.  Siderite-aclinoUte  slate.     Same  locality. 

132.  Same.     Same  locality. 

*133.     Taconyte  gritrock,  with  seams  of  iron.      200  paces 
north  of  128.  etc. 

134.  Same.     Same  locality. 

135.  Siliceous  taconyte.  much  altered  to  hematite.     N.  E.  \ 
N.  E.  i  sec.  19,  58-19. 

136.  Porous  taconyte.  banded  with  hematite.    Same  locality. 

137.  Gray  siliceous  taconyte,  impregnated  with  calcite  or 
magnesite.     N.  W.  J  N.  W.  J  sec.  17,  5«-19. 

138.  Red  taconyte  shale.     N.  E.  i  N.  E.  i  see.  34.  58-20. 

139.  Cretaceous  conglomerate  (chiefly  taconitic,  much  fer- 
rated)  containing  fossil  wood.     N.  W.  J  S.  W.  i  sec.  20.  58-19. 

140.  Cretaceous  conglomerate,  containing  fossil  casts.    Same 
locality. 

141.  Same.    Same  locality. 

142.  Cretaceous  conglomerate.  Contains  pebbles  of  taconyte. 
Same  locality. 

143.  Porous  taconyte.     Same  locality  as  185. 

144.  Cretaceous    conglomerate,    with    fossil    casts.     Same 
locality  as  139. 

145.  Green  Cretaceous  shale,  with  fossils.   Same  locality. 
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146.  Saadstone  coDglomerste.      From  large  drift  boulder. 
N.  W.  i  S.  W.  i  section  10,  58-19. 

147.  Same.    Same  localit}'. 

148.  Taconyte  gritrock,  stained  with  iron  in  bands.     S.  E. 
i  N.  E.  i  sec.  17,  58-19. 

149.  Yellow  taconyte  jasperoid.     N.  E.  J  S.  W.  i  sec.  10, 
53-19. 

150.  Porous  taconyte,  changing  to  taconyte  jasperoid.    Same 
locality. 

151.  Gray  porous  taconyte,  stained  with  iron  on  the  peri- 
phery.    Same  locality. 

152.  Ked  taconyte  shale.     From  near  J48,  etc. 

153.  Same.     Same  locality. 

154.  (Taconyte?)  slate.     From  near  149,  etc. 

155.  (Taconyte?)  cherty  slate.     Same  locality. 

156.  Taconyte  gritrock,  with  .seams  of  hematite.     N.  W.  i  S. 
W.  i  sec.  10,  58-19. 

157.  Gray  taconyte,  changing  to  red  taconyte  and  taconyte 
slate.     N.  E.  i  S.  E.  i  sec.  33,  58-17. 

158.  Banded  taconyte  slate.     Same  locality. 

159.  Gray  taconyte  chert     Same  locality. 

160.  Same.    Same  locality. 

161.  Red  siliceous  taconyte,  changing  to  taconyte  gritrock. 
Same  locality. 

162.  Hard  hematite,  with  limonite.    N.  W.  i  S.  W.  i  sec.  34, 
58-17. 

163.  Same.    Same  locality. 

164.  Taconyte  jasper,  with  quartz  vein.     N.  -W.  -J  S.  E.  i 
sec.  S3,  58-17. 

165.  Same,  Showing  prismatic  jointing.     Same  locality. 

166.  Gray  and  red  taconyte.     Same  locality. 

167.  Incrustation  of  chalcedonic  silica,  in  stalactitic  forms, 
upon  gray  taconyte.     S.  E.  i  S.  W.  i  sec.  8.  58-17. 

170.  Pitted  taconyte  slate,     N.  W.  J  N.  E.  i  sec.  2,  58-18. 

171.  Taconyte  breccia.    N.  E.  i  S.  W.  i  sec.  1,  58-18. 

174.  Conglomerate  {probably  Cretaceous)  stained  red  with 
iron.     From  N.  W.  J  N.  W.  J  sec.  11,  58-18. 

175.  Granite  from  contact  with  crystalline  schists.     N.  G.  i 
see.  12,  60-19. 

176.  Schist  from  same  contact. 

177.  Granite  from  a  dike  in  the  schists.     N.  E.  J  N.  E.  J 
sec.  36,  61-19. 

176.    Schist  from  contact  with  granite.     Same  locality. 
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176.  ActiDolite  (?)  schist.  From  within  a  foot  of  the  con- 
tact of  the  schists  with  the  main  body  of  granite,  in  N.  E.  ^  sec. 
12,  60-19. 

180.  Biotite  schist    N.  B.  i  N.  E.  J  sec.  1,  60-19. 

181.  "Red  jasper,"  with  quartz  vein.  Prom  the  Minnesota 
mine  at  Tower. 

182.  "Black  jasper."    Same  locality, 

183.  Siliceous  jasperoid  rock.     Same  locality. 

184.  Drill  cores  from  nf  ar  Lee  mine,  at  Tower.     "Jasper." 

185.  Banded  jasperoid  taconyte.  From  the  Mountain  Iron 
mine,  at  Mountain  Iron. 

186.  Schist.    S.  E.  J  S.  W.  i  sec  32,  61-16. 

1P7.  Fragment  of  gray  calcareous  nodule  in  slates,  at 
Cloquet,  near  the  Duluth  <&  Winnipeg  bridge  across  the  St 
Louis  river. 

188.  Coarse  gabhro.    Duluth  Hights. 

189.  Diabase  (?)  from  center  of  large  dike.    Duluth  Hights. 

190.  Diabase  (?)  from  near  margin  of  same  dike, 

191.  Red  rock.     Duluth  Hights. 

192.  More  coarsely  crystalline  phase  of  same.  Same  local- 
ity. 

193.  Same.    Same  locality. 

194.  Red  rock  from  narrow  dike  in  coarse  anorthosyte. 
Same  locality. 

195.  Same.    Same  locality. 

196.  Diabase  (?).    Same  lo6ality. 

197.  Same.    Same  locality. 

198.  Red  rock.    Same  locality. 

199.  Gabbro  pebble,  showing  peripheral  decomposition. 
From  cut  in  drift,  at  Stony  Brook  station,  on  the  Duluth  and 
Winnipeg  railroad. 

200.  Slate  (Keewatin?).     N.  W.  i  S.  W.  i  sec.  27,  51-19. 

201.  Quartzose  slate.     Same  locality. 

202.  Schistose  slate.     Same  locality, 

208.  Chips  of  fossil  tree,  found  under  a  peat-bog,  in  the 

glacial  gravels.      From  cut  on  D.  M,  &  N,  railroad  one-half 
mile  east  of  Pine  station.     (T.  50-18) 

204.  Hard  hematite.     Mountain  Iron  mine. 

205.  Quartzyte  (Pewabic).     N.  W.  J  N,  W.  J  sec.  36.  58-21. 

206.  Dark  green  quartzyte.     Same  locality. 

207.  Actinolite  schist.     S.  W.  J  S.  W.  J  sec,  25,  58-21, 

208.  Taconyte.     N.  W.  J  N.  W,  J  sec.  36,  58-21, 
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209.  Glacial  boulder  of  taconyte  jasperoid.     N.  W.  ^  N.  E.  ^ 
sec.  1.  57-21. 

210.  Gray  tacoDyte  chert,  ch&ng'mg  to  brown  banded  taco- 
nyte gritrock.     S.  E.  i  N.  E.  i  sec.  29,  58-20. 

211.  Gray  siliceous  porous  taconyte,  changing  to  hematite. 
Same  locality. 

212.  Gray  siliceous  taconyte,   stained  in  part  brown  with 
iron  oxide.     N.  W.  i  N.  W.  i  sec.  22,  58-20. 

213.  Dark  red  jaspeToidal  taconyte.     Same  locality. 

214.  Gray  siliceous  taconyte,  changing  to  brown  taconyte 
jasperoid.     Same  locality. 

215.  Same  as  213.     Same  locality. 

216.  Same.    Same  locality. 

217.  Glauconitic  taconyte,  with  magnetite.     Same  locality. 

218.  Taconyte  jasperoid,  changing  to  hematite.     Same  lo- 
cality. 

219.  Same  as  217.    Same  locality. 

220.  Same  as  213.    Same  locality. 

221.  Taconyte  slate.    N.  E.  }  S.  W.  i  sec.  29,  58-20. 

222.  Red  taconyte  shale.     Same  locality. 

223.  Green  taconyte  shale.     Same  locality. 

224.  Taconyte  jasper.     Same  locality.  ■ 

225.  Gray  taconyte  gritrock.    Same  locality. 

226.  Quartzyte.     S.  W.  i  N.  W.  i  sec.  35.  58-21. 

227.  Actinolit©  (?)  schist.     N.  W.  i  N.  W.  i  sec.  35,  58-21. 

228.  Muscovite  schist.     Same  locality. 

229.  Silica  powder.     S.  E.  i  N.  W.  i  sec.  28,  57-22.     Near 
Mesabi  Chief  mine. 

230     Same.     Same  locality. 
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XI. 

PRELIMINARY  REPORT  OF  LEVELLING  PARTY. 


BY  CHAS.  P.  BEEKEY. 


The  part;  that  entered  upon  work  for  the  Geological  and 
Natur^  History  Survey  on  the  26th  of  June  at  Grand  Marais 
consisted  of  L.  A.  Ogaard.  Alex.  N.  Winchell  and  myself  under 
the  direct  supervision  of  Dr.  Grant.  It  was  proposed  to  level 
across  this  portion  of  the  state  to  the  International  boundary, 
to  pay  as  much  attention  as  practicable  to  the  topography  of 
the  country  as  the  levelling  advanced,  and  to  determine  accu- 
rately by  level  such  knobs  or  ridges  as  seemed  of  unusual  ele- 
vation. The  bench  marks  of  the  level  were  used  as  primary 
stations  in  the  use  of  the  aneroid  barometer,  by  the  aid  of 
which  the  contour  lines  were  established.  The  territory  that 
occupied '  most  of  our  attention  comprises  the  central  and 
northern  portions  of  Cook  county.  This  was  known  to  be  the 
most  elevated  district  in  the  state  and  therefore  considerable 
care  was  taken  in  an  endeavor  to  locate  more  accurately  the 
prominent  points  and  ridges. 

On  account  of  the  method  of  travelling  in  this  district  and  the 
extreme  dif&culty  of  running  a  level  through  such  a  country  of 
hills,  swamps  and  poor  trails,  the  work  had  to  be  planned  by 
trips  of  two  or  three  weeks  duration.  The  first  one  of  these 
was  planned  to  extend  from  Grand  Marais  by  the  old  "Iron 
trail"  through  Devil's  Track  lake.  Little  Pine  lake,  over  Brul^ 
mountain  to  the  Misquah  hills  and  then  west  to  Winchell  lake 
and  south  again  to  Brul^  lake,  where  supplies  had  to  be  ob- 
tained again. 

On  a  part  of  this  first  trip,  which  occupied  the  first  three  weeks 
of  our  work,  we  were  obliged  to  engage  two  Indians.  Jo  Caribou 
and  Ales  Morrison,  to  help  in  packing  and  cutting  through  the 
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woods.  This  first  trip  was  by  a  ^reat  deal  the  most  ditBcult 
and  tedious  of  the  whole  summer's  work.  The  trail  followed 
was  old  and  abaudoDed,  and  ia  many  places  could  not  be  found 
at  all,  even  by  the  Indians.  The  character  of  the  underbrush 
was  such,  furthermore,  that  it  became  utterly  impossible  to 
use  the  level  at  all  without  constant  cutting.  Frequently  after 
the  most  diligent  work,  nightfall  would  &nd  us  little  more  than 
a  mile  in  advance  of  the  former  camp.  But  this  first  trip,  in 
spite  of  the  enforced  slow  travelling  and  difficult  work,  gave,  In 
fact,  the  most  satisfactory  results  of  the  whole  summer's  expe- 
dition. The  Misquah  hills  proved  to  be  the  highest  points 
reached  in  Minnesota.  Several  knobs  were  accurately  deter- 
mined by  level  and  many  more  by  the  aneroid,  some  of  which 
are  given  in  the  list  accompanying  this  report 

The  highest  point  on  which  direct  observations  were  taken 
is  between  Misquah  and  Winchell  lakes  in  sec  36,  64-2  W.  It 
was  carefully  determined  by  barometric  readings  and  corrected 
by  level  bench  marks  close  at  hand,  as  well  as  by  level  observa- 
ti-^ns  from  neighboring  hills.  Its  elevation  is  2,230  feet  above 
sea  level, — there  is  no  greater  recorded  in  the  state.  The 
Misquan  hills  form  a  broken  ridge  extending  east  and  west  a 
distance  of  many  miles  just  north  of  Brul4  river  valley.  A 
few  separated  knobs  also  stand  outside  of  this  main  ridge.  But 
the  area  in  which  peaks  of  an  elevation  exceeding  2,200  feet 
ocjur  is  very  limited, Misquah  lake  l>eing  nearly  a  central  point. 
For  a  distance  of  three  or  four  miles  both  east  and  west  of  this 
lake,  this  higQt  is  attained  by  several  knobs.  The  more  exact 
position  is  in  the  southern  tier  of  sections  of  T .  64,  R.  1  and  2  W. 

An  opportunity  is  offered  for  a  general  view  of  the  central 
portion  of  Uook  county  here,  such  as  can  be  secured  at  no  other 
place.  Standing  upon  the  bare  knobtof  red  rock  just  east  of 
Misquah  lake,  a  very  large  portion  of  the  surrounding  country 
can  be  seen  in  every  direction  and  especially  to  the  north  and 
south.  The  minor  details  are  thus  of  course  entirely  over- 
looked, and  only  important  ridges  bounding  prominent  valleys 
are  noticeable. 

Toward  the  north,  the  general  impression  is  that  of  a  broad 
quite  uniform  valley  extending  east  and  west  an  indefinite 
distance  and  bounded  on  the  north  by  the  bluffs  and  ridges 
along  the  International  boundary  ten  miles  away.  In  the 
valley  a  dozen  or  more  lakes  can  be  seen,  while  hundreds  more 
are  hid  behind  wooded  ridges  or  lie  in  narrow  deep  secluded 
valleys.     Toward  the  south  are  three  well  marked  features. 
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First  is  BruU  river  valley  lying  immediately  at  the  foot  of  the 
hills,  extendiog  east  and  west  here  also,  and  bounded  abruptly 
on  the  south  by  Brul^  mountain  and  connected  ridges.  This 
valley  is  exceptionally  narrow  and  deep,  beiag  nearly  600  feet 
below  the  Misguah  hills  and  over  500  feet  below  Brul^  moan- 
tain,  while  the  maximum  distance  between  these  two  points  is 
not  over  four  miles. 

Brul6  mountain  is  very  prominent  from  this  point  of  view. 
It  lacks  only  60  feet  of  equalling  the  Misquah  hills  in  bight, 
and  is  eveu  more  striking.  On  its  northern  slope  the  descent 
is  521  feet  in  less  than  a  mile  (tbree-fourths  of  a  mile).  In 
this  regard,  however,  it  is  not  so  remiirkable  as  the  first  ridge 
at  Grand  Marais  which  ascends  730  feet  in  a  mile,  or  even  some 
of  the  bluffs  along  the  International  boundary  which  have  an 
almost  perpendicular  face  from  one  to  two  hundred  feet  in 
hight.  Three  miles  east  of  Brul4  mountain  are  three  remark- 
able knobs  belonging  properly  to  the  Misquah  hills,  although 
they  are  south  of  the  river  valley.  They  are  near  together 
and  have  an  elevation  of  2050  feet  by  aneroid  reading  on  the 
lowest  of  the  three.  A  hundred  feet  can  safely  be  added  to 
this  for  the  highest  one- 
Just  beyond  the  crest  of  Brul^  mountain  to  the  south  lies 
lake  Abita,  the  mountain  lake  of  Minnesota,  2048  feet  above 
the  sea,  the  most  elevated  lake  in  the  state  so  far  as  recorded. 
But  beyond  this  is  the  third  great  valley  In  our  general  view 
of  this  part  of  Cook  county.  It  extends  almost  east  and  west 
as  the  others,  but  is  broader  and  not  so  uniform.  The  southern 
limit  is  formed  by  the  Saw  Teeth  bluffs  along  lake  Superior, 
several  of  which  appearing  quite  prominent  seem  to  give  a 
very  substantial  boundary  to  the  valley.  Lakes  are  not  so 
abundant  in  this  most  Southerly  valley  as  were  afterwards 
found  in  the  districts  farther  north  and  west.  Swamps  of  no 
very  great  extent  were  abundant  and  often  small  ones  occur 
near  the  highest  points.  Large  drift  boulders  are  found  in 
abundance  even  upon  the  bare  knobs  of  the  highest  of  the 
Misquah  hills.  Very  little  atteutiou  could  be  pMd  to  details  in 
any  other  lines  of  investigation. 

After  obtaining  supplies  from  Gunfliut  City,  the  work  of 
our  second  trip  began  with  topographical  work  about  BtaU 
lake.  James  Marshall  took  the  pla::e  of  the  two  Indians  who 
had  returned  to  Grand  Marais,  Similar  work  wtis  then  carried 
forward  through  the  country  adjacent  to  the  canoe  route  to 
Gunflint  lake.      Georgia,  Surveyor,  Ida  Belle.  Kiskadinna,  and 
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Ham  lakes  are  the  principal  ones  on  the  route  and  Cross  river 
is  the  only  stream  of  aoy  size.  The  surface  slopes  gradually 
northward  with  no  very  high  ridges  after  leaving  Surveyor 
Jake  until  Ounflint  lake  and  vicinity  is  reached.  Some  more 
carefnl  work  was  done  in  T.  63-4  W.,  especially  in  the  southern 
half  of  the  town  and  in  section  28  in  particalar.  As  all  these 
points  will  appear  just  as  clearly  on  the  maps  when  they  are 
published  I  will  not  attempt  any  explanation  here. 

The  third  trip  of  our  party  Included  towns  64  and  65,  1,  2, 
and  3  W-  and  was  made  by  canoe  through  Loon,  Mayhew, 
Tucker  and  Banadad  lakes  and  eastward  through  a  continuous 
chain  of  small  lakes  to  Poplar  lake.  Prom  this  place  a  trip 
was  made  toward  the  south  through  Caribou  to  north  Brul^ 
lake  io  order  to  check  on  our  former  determination  of  level. 
The  retura  was  then  made  from  Poplar  lake  through  Hungry  . 
Jack,  Birch,  Duncan's  and  Rose  lakes,  from  which  the  Interna- 
tional boundary  route  was  followed  to  Gunflint  again.  The 
most  noticeable  features  of  this  section  of  country  are:  first  the 
comJMiratively  low  and  uniform  ridges  of  the  gabbro  Irflt 
crowded  thickly  together  with  usually  only  sharp  narrow 
ravines  between  them  running  in  every  direction;  second,  the 
bold-faced  bluffs  north  of  the  gabbro  belt  within  three  miles  of 
the  boundary  lakes.  All  these  ridges  are  comparatively  high 
and  have  a  gradual  rather  gently  inclined  southern  slope  and 
a  very  precipitous  northern  one.  The  lakes  are  very  abund- 
ant and  lie  in  deep  narrow  valleys.  They  are  connected  fre- 
quently by  falls  and  rapids,  as  at  Rose  lake  where  the  fall  from 
Duncan's  lake  is  136  feet  in  a  distance  of  less  than  a  quarter  of 
a  mile.  One  of  the  most  noticeable  of  these  characteristic  pre- 
cipitous bluffs  is  called  Rose  Lake  mountain.  It  rises  fro  m 
Rose  lake  470  feet  by  aneroid  determination.  The  highest 
points  are,  Srst  a  bill  on  the  section  line  between  sections  26 
and  35,  65-2  W.,  which  is  2050  feet,  and  second.the  quarter  post 
on  the  north  line  of  sec.  28,  65-4  W.,  which  is  2038  feet.  The 
former  was  determined  by  aneroid  and  the  latter  by  levpi. 
Other  features  will  be  shown  sufficiently  well  by  the  maps. 

In  the  territory  thus  far  covered  since  leaving  Grand  Marais 
a  tew  other  points  come  into  prominence  by  combining  the 
observations  of  the  three  trips.  The  hight  of  land  extends  in 
a  southwest  direction  from  between  North  and  South  lakes  to 
the  ridge  between  Ida  Belle  and  Surveyor  takes.  Lakes  to  the 
southeast  of  this  line  drain  into  lake  Superior;  and  lakes  north- 
west of  it  drain  into  Rainy  lake.    Brul6  lake  has  two  prominent 
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outlets,  one  toward  the  east  givinif  rise  to  BruM  river,  and  the 
other  to  the  west  into  Georgia  lake,  from  which  probabJy  Tem- 
peraace  river  rises,  flowing  toward  the  south.  Ida  Belle  lake 
is  the  head  of  Cross  river  which  flows  north  to  Gunfliat  lake. 
For  the  greater  part  of  its  course  it  is  a  chaiu  of  narrow  small 
lakes  connected  by  rapids.  North  lake  is  the  head  of  drainage 
westward  along  the  boundary,  and  South  lake  is  the  head  of 
the  eastern  boundary  drainage,  which  reaches  lake  Superior 
through  Arrow  river  in  Canada  and  Pigeon  river  on  the  boun- 
dary. The  Port  Arthur,  Duluth  and  Western  railroad  enters 
Minnesota  at  the  narrows  at  the  west  end  of  Gunflint  lake  and 
the  western  terminus  is  now  Paulson's  camp  four  miles  west. 
The  county  road  extends  from  Grand  Marais  northward  to 
Hungry  Jack  lake.  During  the  past  summer  it  was  cat  out 
fronr  near  Poplar  lake  westward  bo  the  railroad  near  the  west 
end  of  Gunflint  lake,  and  now  forms  a  good  trail  from  this  point 
to  lake  Superior. 

The  fourth  trip  extended  from  Gunflint  lake  westward  through 
Ts.  65-4aad  5  W.  and  return  through  Ts,  64-5  and  4  W.  There 
are  no  features  of  this  needing  especial  attention.  There  are 
many  very  prominent  bills,  but  none  so  high  as  those  already 
given,  the  most  elevated  ones  being  usually  between  1800  and 
1900  feet. 

After  flnishing  this  trip  the  entire  original  make-up  of  the 
party  was  broken  by  the  return  of  Mr.  Winchell  and  myself  to 
the  University,  The  further  work  was  done  by  Mr.  Ogaard, 
who  then  joined  Dr.  Grant,  working  on  the  geology  of  the  dis- 
trict. And  on  their  return  to  Ely  the  entire  distance  was 
levelled,  thus  completing  a  very  extended  list  of  bench  marks 
as  a  basis  for  contour  correctioos  in  northeastern  Minnesota. 

Below  I  have  added  a  list  of  accurately  determined  points 
from  the  field  notes  of  the  party,  and  have  also,  with  the  aid 
and  advice  of  Mr.  Warren  Upham,  drawn  a  plate  showing  two 
profiles  across  Cook  county  from  Grand  Marais  and  Brul6  lake 
N.  N.  W.  to  the  International  boundary.  These  are  each  27 
miles  in  length  and  are  about  10  miles  apart.  The  one  starting 
at  Grand  Marais  includes  only  such  points  as  fall  within  one  mile 
of  a  direct  line  to  the  west  end  of  North  lake.  The  other, 
starting  at  Bral6  Jake,  takes  a  direct  line  to  the  north  quarter 
post  of  sec.  28,  T.  6E>-1  W.,  and  then  runs  northeast  to  the 
granite  ridge,  from  which  place  it  assumes  the  original  direc- 
tion to  the  boundary.    (See  plate  IV. ) 
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The  following  poiata  are  of  sufficient  promineiice  unoa^ 
those  which  have  been  accurately  determined  by  level  to  war- 
rant giving  them  a  place  here  for  future  reference : 

Feet  aboye 
thew 


Feet  aboTB 

Devil's  Track  lake 1636 

Little  Pice  lake 1837 

ClubFootlake 1885 

Pound  lake 1820 

LakeAblta 2048 

Brulfi  mountain 2110 

BruW  Blver  lakes 1649 

Little  Trout  lake 1910 

BidgeS.  of  Little  Trout  lake.  1904 

Mlsquah  lake IBtl 

Hill  B.  of  Mlsquah  lake 2223 

Cross  lake 1866 

North  Bruie  lake 1854 

Oaskaoas  lake 1ST8 

Wlnchell  lake 1010 

Hill  S.  of   Wtacbelt  lake  in 

sec  34,  64-2  W 2213 

Sham  lake 1915 

Bnil«  lake 1851 

Geo^talake 1841 

Hill  at  W.  end  of  Bm\6  lake, 

sec.  18,63-3  W 2084 

Surveyor  lake 1848 

LakeldaBelle 1701 

Narrow  lake 1782 

ElskadfDualake 1767 

Ham  lake 1706 

North  i  post  of  sec.  28,  65-4  W.  2038 

GunfllDt  lake J547 

Loon  lake 1745 

Ma;hew  lake 1853 

Beaver  lake 1880 

Tucker  lake 1847 


Banadad  lake 1044 

IstlakeE.  of  Banadad  lake...  1913 
2d  lake  E.  of  Banadad  lake. . .  1027 
3d  lake  B.  of  Banadad  lake. . .  1927 

Poplar  lake. 1859 

Straight  lake 1870 

Caribou  lake 1868 

Meeds  lake 1870 

Hungrv  Jack  lake 1687 

Birch  lake 1684 

Daniel's  lake 1684 

Duncan's  lake 1664 

Rose  lake 1528 

Eatlake 1631 

South  lake 1568 

Horthlake 1550 

Little  Gunflint  lake 1548 

Akeler  lake 1779 

Paulson's  lake..: 1708 

BlackTroutlakelKaklgolak?)  1663 
Bashltan^ueb  lake 1657 


loklake 1586 

Little  Saganaga  lake 1600 

Muscovado  lalce 1706 

Green  lake 1730 

Gaiter  lake 1782 

Charley  lake 1763 

Bear  lake 1748 

riylDK  Cloud  lake 1788 

Greenwood  Island  lake 1641 

East  and  West  lake 1618 


The  following  are  on  the  canoe  route  from  Oabemichigama 


lake  westward  to  Ely: 

Feet  above 

Fox  lake 1539 

Ogishke  Muncie  lake'. 1488 

Dike  lake 1401 

ZeUlake.. 1400 

Epsilon  lake 1460 

Delta  lake 1469 

Gamma  lake 1470 

Beta  lake 1476 


Peet  above 
sea  leyal. 

Knlfelake 1381 

Istlakewestof  Enlfelake....  1371 
2d    "  "  '•         '■   ....  1367 

3d    "  "  "  "  ....  1361 

Carp  lake 1355 

Sucker  lake 1330 

Basswood  orBassimenenlake.  1300 
Newton  lake 1307 
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The  following  are  a  few  points  of  prominence  determined  by 
barometric  readings  and  corrected  by  level  bench  marks: 

FMt  Kbove  F«et  Kbave 

the  sea.  tlie  sea. 

Soutb  Devil's  Track  lake 1613  Hill  S.  of  HuninT  Jack  lake, 

EDobS.  of  Little  Pine  lake...  1995         sec.  3,  64-1  W 1902 

Koob  3  miles  E.  of  Brul£  Mt.,  Moss  lake 1729 

Bec.24.83-lW 2050  Knob  south  of  Duncan's  lake.  1907 

Hill  N.£.  at  Little  Trout  lake  2023  Ridge  between  Duncan's  and 

Hill.  sec.  36,  64-2  W-.at  Wlncli-  Bove  lake 19*T 

ell  lake 2230      Bobb  Lake  mountain 1997 

Ridge  S.  of  BruW  riTer.aec  22,  Hill,  sec.  31,  fl6-5  W 1827 

fl3-2W 2027      Hill,  sec  29,  65-5  W 1B67 

Granite  ridge  sec.  14,  65-4  W..  1967      Little  Round  lake 1677 

Ridge  south  In  sec.  23,  65-4  W.  1942      Little  Copper  lake 1777 

Sea  Gull  lake 1440      Lake,  sec.  15,  64-4  W 1867 

Ridge  S.  of  GuDillnt  lake  sec  Hill  i  mile  west  of  thU  lake.  -  1967 

25,65-4W. 1892      Snipe  lake 1757 

No-namelake 1787  Burnt  bill  north  of  Snipe  lake  1927 

Portagelake 1872     BlgRoundlake 1702 
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GENERAL  REPORT  OF  FIELD  WORK. 

T.      REOIOK  TRAVBB8BD. 

The  territory  assigned  for  iDvestigatioa  was  ranges  8  to  11 
(inelusive)  west  of  the  Fourth  principal  meridian  between  ftie 
latitude  of  Ely  and  Snowback  lakes  and  the  shores  of  lake  Sa- 
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perior.  The  writer,  accompanied  by  Mr.  H.  E.  White,  as 
assistant  and  topographer,  and  Mr.  B.  P.  Merrill,  left  Ely  May 
4th  and  spent  the  first  week  ia  making  observations  around 
White  Iron  lake.  As  soon  as  the  ice  had  safficiently  broken  up 
to  permit  canoe  travelling,  a  trip  was  taken  up  the  Kawishiwi 
river,  north  through  Triangle,  Moose,  Snowbank  and  Disap- 
pointment U^es.  Snowbank  lake,  excepting  a  narrow  passage 
along  the  south  shore,  was  covered  with  a  field  of  ice.  The 
work  assigned  on  this  lake  was  thus  postponed  until  later  in 
the  season.  Wilder  lake  completes  the  list  of  lakes  examined 
during  May.  During  June  the  region  around  the  south  Ka- 
wishiwi and  Isabelle  rivers  was  examined. 

Some  of  the  important  lakes  which  were  geologically 
reviewed  and  investigated,  are  Isabelle  Trail,  Bald  Eagle, 
Gull,  Gabbro  and  the  eastern  end  of  Birch  lake.  An  overland 
trip  through  townships  60-11  and  61-11  was  taken  during  the 
latter  part  of  the  month.  The  work  was  considerably  hindered 
by  the  great  forest  fires  upon  the  Mesabi  range.  The  north- 
western part  of  'T.  60-11  was  swept  by  the  fire  and  the 
Stony  river  marks  the  eastern  extent  of  the  great  conflagra- 
tion. Numerous  other  fires  were  started  by  careless  campers 
and  large  quantities  of  valuable  timber  were  destroyed.  Dur- 
ing the  hight  of  the  fire  the  sun  was  obscured  by  the  smoke  for 
several  days. 

In  July  a  trip  was  taken  up  the  Stony  river  to  Sand  lake 
(T,  59-11)  and  to  the  center  of  T.  59-9.  This  river  is  so  named 
on  account  of  the  large  number  of  boulders  in  the  stream, 
which  greatly  hinder  and  even  make  canoeing  quite  danger- 
ous. From  the  Stony  river  the  work  was  transferred  to  the 
south  branch  of  the  Isabelle  river  in  T.  60-9.  Heavy  rains 
filled  the  streams  and  made  travelling  comparatively  easy  on 
the  rivers,  but  almost  impossible  through  the  swamps.  Owing 
to  the  unexplored  condition  of  this  region  it  was  necessary  to 
cut  a  number  of  portages.  A  canoe  route  was  made  from 
Smokehouse  lake  (sec.  28,  T.  60-9)  to  Clear  lake  in  section  14 
of  the  same  towhship.  This  makes  a  complete  connection  of 
the  three  principal  canoe  routes  used  in  reaching  the  head- 
waters of  the  streams  flowing  north.  Prom  Clear  lake  we  went 
down  the  south  Isabelle  river  and  returned  to  Ely.  After  get- 
ting supplies,  several  days  were  spent  on  Snowbank  lake  to 
make  the  observations  which  were  postponed  on  account  of  the 
ice  during  our  first  visit  to  this  lake. 
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We  went  up  the  south  Isabelle  river  toClear  lake,  from  which 
a  two  weeks'  overland  trip  was  made  through  townships  61, 
60,  59  and  58  of  range  8.  This  was  by  far  the  hardest  part  of 
the  summer's  work.  The  region  around  Greenwood  lake  was 
next  examined.  The  prominent  elevation  south  of  the  lake 
was  called  Greenwood  mountain.  It  is  an  oblong  ridge  about 
a  mile  long,  extending  in  an  east  and  west  direction,  a  mile 
wide  at  the  base,  one  half  a  mile  across  the  top,  one  hundred 
and  fifty  feet  above  the  lake  and  the  surrounding  country, 
which  is  nearly  level  and  has  an  approximate  altitude  of  1850  feet 
above  sea  level  and  is  covered  with  a  heavy  growth  of  green 
timber.  From  Greenwood  lake  it  is  the  only  ridge  visible,  and 
can  be  readily  recognized  by  its  peculiar  form  from  the  high 
hills  at  Disappointment  lake,  fifty  miles  north,  and  from  the 
ridges  around  Beaver  bay,  seventy-five  miles  southeast.  Green- 
wood mountain  marks  the  most  prominent  western  outcrop  of 
the  group  of  rocks  called  "red  rock"  on  the  map  accompany- 
ing this  report. 

The  examination  of  townships  58-11  and  57-10  and  11 
was  completed  by  tiie  first  of  September.  Daring  the 
months  of  May,  J^ne,  July  and  the  fore  part  of  August  the 
supplies  were  obtained  at  Ely.  In  August  a  trip  for  supplies 
was  taken  down  the  St.  Louis  river  to  the  Duluth  &  Iron  Range 
B.  K.  and  thence  by  rail  to  Mesabi. 

On  September  2d  the  headquarters  were  transferred  to  Two 
Harbora  and  Beaver  Bay.  At  Two  Harbors  Mr.  John  Bean, 
an  experienced  surveyor  and  one  well  acquainted  with  the 
region  to  be  examined,  was  employed  in  place  of  Mr.  White, 
who  left  for  Minneapolis  August  23d.  Three  weeks  were 
spent  in  the  vicinity  of  Beaver  Bay.  Special  attention  was 
given  to  the  relations  of  the  anorthorsyte  to  the  other  rocks. 
Three  excursions  were  made  north  from  Beaver  Bay  to  con- 
nect with  the  work  carried  on  from  the  north  during  the  fore 
part  of  the  season.  The  remainder  of  the  season  was  spent  in 
working  north  of  Two  Harbors. 

On  October  20th  the  work  assigned  for  the  season  was  com- 
pleted and  the  party  disbanded. 

II.      B0DTS8  OF  TRAVBL  IN  I.AKE  COUMTT. 

The  different  routes  of  travel  by  which  points  in  this  region 
are  made  accessible  will  be  given  in  groups  under  the  pUices 
from  which  they  start 
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Ely  Routes.  The  canoe  routes  along  the  International  bann- 
dary  and  the  Kawishiwi  (Cashawa;)  river  are  well  known  and 
need  no  description.  The  Isabelle  river  route  follows  the 
Kawishiwi  river  to  the  portage  in  sec.  30,  T.  63-10,  passes 
through  Clearwater  lake  to  the  south  Kawishiwi  river  in  sec. 
32,  T.  63-10,  and  then  through  Gabbro  and  Bald  Eagle  lakes 
and  np  the  Isabelle  river,  which  flows  through  the  southern 
tier  of  sections  of  T .  62-6  and  9,  to  Isabelle  lake  in  the  south- 
eastern part  of  T.  02-8.  The  main  stream  of  the  Isabella  river 
crosses  the  northeastern  part  of  T.  61-8,  and  comes  from  Bel 
lisslma  lake  in  the  southeastern  part  of  T.  61-7. 

A  short  distance  east  of  the  portage  in  the  center  of  sec.  34, 
T.  62-9,  is  the  mouth  of  the  south  branch  of  the  Isabelle  river. 
This  river,  although  of  considerable  size,  spreads  out  near  the 
mouth  into  low  marshy  ground  and  is  almost  wholly  con- 
cealed. It  flows  in  a  zigzag  manner  in  a  northeasterly  direc- 
tion through  T.  61-9,  and  in  T.  60-9  it  flows  in  a  southwesterly 
direction.  The  river  is  canoeable  to  the  lake  in  sec.  15,  T. 
60-9.  from  whence  a  portage  is  crossed  to  Clear  lake  in  sec.  14, 
on  another  branch  of  the  Isabelle  river  which  flows  northeast 
from  there,  and  is  not  canoeable.  From  Clear  lake  trails  con- 
nect with  the  Mesabi  and  Beaver  Bay  trail,  and  trails  running 
through  T.  60-8  and  T.  59-8. 

The  Stony  river  route  from  Ely  is  through  White  Iron  and 
Birch  lakes,  then  up  the  Stony  river  which  empties  into  the 
lake  in  section  30,  T.  61>11,  in  a  concealed  bay  nearly  a  mile 
long.  From  Birch  lake  to  Slato  lake  the  river  is  full  of  rapids 
and  numerous  portages  must  be  crossed.  The  fall  in  the  river 
through  this  distance  is  about  230  feet.  On  account  of  the  dif- 
flculty  experienced  in  going  up  the  river  to  Slate  lake,  this 
part  of  the  route  is  seldom  used.  The  Harris  lake  route  or  the 
"60-10"  winter  road  is  taken  instead.  This  road  leaves  Birch 
lake  in  the  narrow  bay  in  sec.  20,  T.  61-11  and  reaches  Harris 
lake  in  sec.  27, — a  distance  of  three  miles  (6,000  paces). 
Harris  lake  is  170  feet  above  Birch  lake.  From  the  east  end 
of  the  lake  the  road,  runs  southeast  to  Slate  lake  a  distance  of 
four  miles,  and  follows  the  Stony  river  to  Pike  lake  in  sec  36, 
T.  60-10.  A  portage  from  Pike  lake  goes  to  Smokehouse  lake 
and  the  Isabelle  river.  At  "Headquarter  camp"  in  the  center 
of  sec  21,  T.  60-10  a  short  trail  runs  east  through  the  center  of 
Towns.  60  10  and  9  and  crosses  the  southwest  corner  of  T.  60-8. 

For  the  portages  on  the  Isabelle  and  Stony  rivers,  see  the 
list  of  attitudes  given  below. 
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Meaabi  route.  This  trail  leaves  Mesabi  station,  follows  the 
Masabi  range  to  the  north  town  line  of  T.  59,  and  continues  east- 
ward along  The  same  line  to  the  northeast  corner  of  T.  59-8 
where  it  crosses  Beaver  Bay  trail  running  northward.  From 
here  the  trail  continues  southeast  and  eastward  to  Pork  bay  on 
lake  Superior.  Minor  trails  run  north  and  south  from  the  main 
one  at  different  points.    This  is  not  a  canoe  route. 

St.  Louis  river  route.  This  route  leaves  the  Duluth  and  Iron 
Range  'R.  E.  at  the  St  Louis  river  and  follows  the  river  nearly 
up  to  its  source  in  T.  59-11  and  then  by  a  portage  four  miles 
long  crosses  to  Sand  and  Stony  lakes  and  the  Stony  river,  or 
from  Sand  lake  to  Greenwood  lake. 

Oloquet  route.  A  trail  leaves  the  railroad  at  Cloquet  river  and 
runs  to  the  north  line  of  town  55  and  east  on  the  line  to  the  lake 
in  the  northwest  corner  of  T.  55-10.  Prom  here  a  good  trail 
runs  north  to  the  two  lakes  in  sections  29  and  31,  T.  56-10  and 
east  along  the  north  line  of  sections  28,  27  and  26;  then  it  takes 
a  southeasterly  direction  to  the  northeast  corner  of  sec  35,  and 
thence  eastward  across  T.  56-9  to  the  Beaver  Bay  and  Green- 
wood lake  trail. 

Highland  route.  This  trail  leaves  the  railroad  one  mile  north 
of  the  station  and  is  easily  followed.  In  town  55-10  it  has  num- 
erous branches  and  connects  with  the  Cloquet  trail. 

Two  BarbOTB  trails.  The  county  road  runs  along  the  lake 
shore  from  Duluth  to  Grand  Marais  passing  through  Two  Har- 
bors and  Beaver  Bay.  A  trail  leaves  Two  Harbors  and  follows 
the  line  between  ranges  10  and  11  north  to  the  Highland  trtul. 
A  number  of  minor  trails  leave  here,  but  it  is  unnecessary  to 
mention  them  as  they  are  well  known.  From  Two  Harbors  to 
Beaver  Bay  the  usual  route  is  by  steamer. 

Beaver  Bay  routes.  Besides  the  county  road  there  are  several 
good  town  roads  which  run  north  into  T.  56-8  and  west  to  T. 
55-9.  Prom  the  end  of  the  road  in  sec.  27,  T.  56-8,  a  trail  runs 
to  Schaff's  lake  in  sec.  12  and  from  the  east  end  of  the  lake 
follows  the  range  line  north  to  the  northeast  comer  of  T.  59-8 
where  it  connects  with  the  Mesabi  trail.  The  trail  does  not 
'oUow  the  range  line  very  closely,  but  runs  about  one-half  a 
mile  east  of  it.  The  Greenwood  lake  trail  leaves  the  town  road 
in  the  center  of  sec.  9,  T.  55-8,  and  runs  nearly  northwest  to 
Greenwood  lake  twenty-four  miles  from  Beaver  Bay.  An  old 
and  indistinct  trail  follows  the  line  between  ranges  9  and  10, 
between  the  Mesabi  and  Greenwood  trails,      A  portage  four 
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miles  long  coanects  Greenwood  lake  with  Sand  lake.      In  sec. 
25,  T.  56-9  the  Cloquet  trail  connects  with  the  main  trail. 

Among  other  trails  which  run  north  from  lake  Snpenor  those 
following  the  Split  Rock  and  Gooseberry  rivers  and  the  one  on 
the  line  between  ranges  9  and  10  are  the  only  ones  deserving  to 
be  mentioned.  In  T.  55-9  are  a  number  of  trails  which  connect 
with  the  more  Important  ones  given  upon  the  map. 

m.     ECONOUIC  RBBOUBCXS  OF  LAKK  COUITrT. 

upon  this  subject  not  much  can  be  said.  In  the  northwest- 
em  part  of  the  county  are  oumerous  outcrops  of  iron  ore,  but 
beyond  a  few  diamond  drill  sections,  nothing  has  been  done 
toward  exploring  and  mining  the  ore  bodies.*  Towns  61  and  62 
are  nearly  wholly  within  the  gabbro  area.  Both  of  these 
towns  are  absolutely  worthless,  being  covered  with  bare  knobs 
of  granite  and  gabbro,  and  with  swamps  in  the  valleys.  Town 
60  has  a  large  amount  of  valuable  timber,  mostly  white  and 
Norway  pine.  The  greater  part  of  this  when  cut  will  be  taken 
down  the  Stony  river  and  thence  to  Pall  lake,  where  a  saw  mill 
is  in  operation.  Towns  59,  58  and  57  have  scattering  patches 
of  good  timber,  but  on  account  of  the  small  quantity  scattered 
over  so  large  a  region,  and  the  inaccesibility  of  the  same  for 
the  present,  this  has  but  little  value.  The  greater  part  of 
these  towns  is  covered  with  "muskeg"  and  almost  impassable 
cedar  ("tanglefoot")  swamps.  In  T.  56  there  is  a  large  amount 
of  good  timber,  the  greater  part  of  which  is  not  yet  large 
enough  to  be  cut.  T.  56-6  has  considerable  farming  land.  In 
Ts.  55-10  and  11  and  54-11  there  is  considerable  timber  which 
is  widely  scattered.  The  towns  immediately  back  from  the 
shore  of  lake  Superior  have  good  hay  meadows  and  agricultu- 
ral land.  That  farming  can  be  successfully  carried  on  in  this 
region  is  shown  by  the  flourishing  farms  around  Beaver  Bay. 
The  region  is  not  very  heavily  wooded.  Maple  trees  are  quite 
common. 

IV.     TOPOOBAPHY. 

The  topographical  work  consisted  of  drawing  contour  lines 
for  every  fifty  feet  in  elevation  above  the  sea  level  and  the  de- 
termination of  the  altitude  of  all  prominent  places.  An  ane- 
roid barometer  was  used  to  determine  the  altitudes.  Especial 
care  was  taken  in  obtaining  the  bights  of  the  various  lakes  and 
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rivers  alon^  the  more  commoQ  routes  of  travel-  "Whenever 
possible  the  altitudes  determined  along  these  separate  routes 
were  checked  with  each  other  in  order  to  eliminate  any  errors 
which  might  have  arisen.  The  fall  over  rapids  in  the  rivers 
when  less  than  five  feet  was  eetimated. 

The  mapping  of  plates  78  and  79,  embracing  Ts.  61-10  and  11 
62-10  and  11,  and  Ts.  62-8  and  9  and  65-8  and  9,  respectively, 
was  completed. 

In  Ts.  Qi~S  and  9  the  region  around  Disappointment,  Snow- 
bank, Ensign  and  Moose  lakes  was  mapped  in  connection  with 
the  geological  work. 

In  the  region  south  of  plates  78  and  79  and  north  of  the  water 
divide  between  the  streams  flowing  into  lake  Superior  and  those 
flowing  northward,  the  principal  determinations  were  along  the 
Stony  rirer  to  its  source  in  T.  58-10;  the  Isabelle  river  and  its 
southern  branches;  St-  Louis  river  from  the  Duluth  &  Iron 
Range  R.  R.  to  its  source  in  section  17,  T.  59-11.  The  edti- 
tudes  along  the  main  lines  were  computed  from  the  mouth  of 
the  rivers  toward  their  source,  and  were  checked  at  the  follow- 
ing places:  Seven  Beaver  lake  on  the  St.  Louis  river  to  Band 
lake  which  is  tributary  to  the  Stony  river;  Pike  lake.  (sec.  36, 
T.  60-10),  a  widening  of  the  Stony  river,  through  Smokehouse 
lake  (sec.  28,  T.  60-9}  to  the  South  Isabelle  river  in  sec.  27,  T. 
60-9,  and  then  to  Clear  lake  in  sec  14,  T.  60-9  on  the  south 
east  branch  of  the  Isabelle  river. 

Region  around  Beaver  Bay. — The  work  is  this  locality  was 
carried  on  from  lake  Superior  toward  the  interior  and  connec- 
tions were  made  with  the  work  on  the  north  of  the  "divide." 
Ts.  65,  56,  57  of  ranges  8  and  9  are  included  in  this  area. 

North  of  Two  Harbors. — The  measurements  taken  in  towns 
52  to  56,  inclusive,  of  ranges  10  and  11  are  only  approximate 
and  in  some  cases  are  merely  estimated. 

The  following  altitudes  or  the  more  important  places  deter- 
mined daring  the  season's  work  have  been  corrected  by  Mr. 
Warren  Upham  and  the  writer.  The  fall  in  the  rivers  at  the 
various  rapids  depends  entirely  upon  the  amount  of  water  in 
the  river.  In  a  number  of  instances  the  short  and  low  rapids 
disappear  in  high  water,  while  in  low  water  it  is  often  neces- 
sary to  drag  a  canoe  for  several  miles  through  shallow  water 
and  continuous  rapids.  • 
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Attitudea  in  Fut  Above  the  Sea. 
Determined  by  aneroid  ba^meters;  excepting  several  lakes 
desigQated  by  asterisks  (*),  whose  bights  are  known  by  level- 
ing: 

p«t. 

Fall  lake •1313 

-Garden  or  Eve  lake *1384 

Farm  lake 1386 

Whtte  Iron  lake 1395 

Birch  lake 1410 

Oopeland's  lake 1425 

Fork  of  the  Kawiahlwl  river, 

sec.  28,  T.  63-10 1435 

Crab  lake  and  northeast  elbow 

of  Kawlsbiwi  river  In  sec.  15, 

T.63-» 1471 

Bldges  about  i  mile  north  of 

theKanishlwl  river,  la  the 

northwest  part  of  T.  65-9, 

about  1730 

Lai^e  lake  on  the  Kawiahlwi 

river,  In  the  southeast  part 

of  T.  83-9 1491 

l4ike  ot  E.awlshlwi  river,  sec. 


Wilder  lake 1540 

LakeAlice 1544 

Triangle  lake 1490 

North  Twin  lake 1475 

BassimeDaD  (Basswood)  lake.*l300 

£uckerlake ; 1330 

Kew  Found  lake 1331 

Wind  lake 1359 

Moose  lake 1339 

Jasperlake •1387 

Saowbaok  lake *1424 

EosigD  lake *1342 

Disappointment  lake 1499 


Feet. 
Disappointment  hill,  sec.  36, 

T.  64-8,  about  1  mile  east  of 

this  lake .'.....■. 1B50 

Gabbro  lake 1464 

Bald  Eagle  lake 1468 

Lake   on  the   Isabelte  river, 

sees.  29  and  32,  T.  62-6 1S33 

Lake  iBBbelle 1670 

Bellisslma  lake 1660 

Harris  lake 1680 

Slate  lake 1640 

Stony  lake 1668 

Sand  lake 1674 

Greenwood  lake 1706 

Greenwood  mountain,  see.  30, 

T.58-1Q,  about  H  miles  south 

of  this  lake 1850 

Lakes  Id  the  west  part  ofT. 

69-11,  at  the  head  of  the  St. 

Louis  river 1686 

Seveo  Beaver  lake 1675 

Pine  lake 1705 

Pike  lake 1700 

Lake  iD  sec.  22,  T.  59-9 1745 

Muck  lake,   at   the   head   of 

Stony  river 1755 

Smokehouse  lake 1740 

Clear  lake 1704 

Adams  lake 1800 

Schaff's  lake 1089 

Bear  lake 1160 

Lake    Superior,    mean,    1870- 

1886,  above   mean  tide  sea 

level •602 


Prom  Birch 
lakes  and  the 

No.  Length. 

1.  imtle 

2.  imlle 

3.  1  rod 

4.  Imile 

6.    imlle 

6.  imlle 

7.  30  rods 

8.  imlle 

9.  imlle 

10.  imlle 

11.  imlle 

12.  8rods , 

13.  imlle 


Portages  on  the  Stony  river. 
lake  (1410  feet  above  the  sea)  to  Slate 
lake  in  sec,  22,  T.  50-9. 


Location.  I 

.S.E  i  sec.  30.  T.  61-11 

.N.  E.  i  of  N.  E.  i,  sec.  31,  T.  61-11 

.S.  W.  iof  N.E.  i,  sec.  31,T.  61-11 

.N.  partof  S.E.  i,  sec.  31,  T.  BI-ll 

. Crossing  south  line  of  sec.  31 

,N.  E.  iof  S.  E.  i,  sec.  6,  T.  60-11 

,N.  W.  iofN.  W.  i,  see.  8,  T.  60-11 

W.iof  S.  W.i,  sec.  8,  T.  60-11 

S.  W.  i  of  W.  E.  i,  sec.  17,  T.  60-11 

North  edge  of  S.  W.  i,  sec.  16,  T.60-U.... 

.S.  W.  iof  N.  E.  i,  sec.  16,  T.  60-11 

S.W.  iof  S.  W.i,  sec.  10,  T.  60-11 

Central  part  of  sec.  10,  T.  60-^11 


and  Pike 

20 

1440 

1 

1441 

1447 

9A 

1471 

15 

I4S6 

20 

1506 

fifl 

1575 

15 

1590 

7 

1602 

5 

6 

1612 
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.14.    Shortrapid9.N.W.iofS.E.l,  sec.  10,  T.  60-11 2  1814 

The  usual  portage  Instead  of  the  last  three 
iB  1  mile  long,  from  the  N.  W.  comer  of 
sec- 15  to  the  N.W.  1  of  the  S.  E.  1  of  sec. 

10.                                                                            •  V 

16.    Imlle E.  part  or  sec.  11  and  W.  part  of  sec.  12...  10  1624 

16.     4  mile S.  f  of  sec  12,  T.  f(Hl 10  1634 

11.    limlle Current  and  rapids  to  Slate  lake 6  1640 

18.    (mtle Acroes  E.  part  of  sec.  17,  T.  60-10,  toObub 

lake 15  1655 

IS.     Joiile S.  E.  throutth  N.W.I,  sec.  21,  to  Stony 

river  at  Headquarters  camp,   near  the 

center  of  this  section 10  1665 

20.  Short  rapids  N.  W.i.  sec.  31,  T.  60-10,  to  Stony  lake....  3  1668 

21.  1  mile Crossing  If.  V/.  i,  sec.  35,  to  Pike  lake  ... .  32  1700 

22.  Imile S.iof  sec  31,  T.  60-9 28  1728 

23.  Current  and  rapids  to  lake  In  sec.  8,  T.  69-9 11  1739 

24.  Current  and  rapids  to  lake  In  sec.  22,  T.  50-9 6  1745 

Portages  on  the  eoitth  branch  of  laabelle  river. 

In  ascending  the  Isabella  river  from  Bald  Bagle  lake  (146R 

feet  above  the  sea)  a  portage  about  a  half  a  mile  long  is  made 

in  sec.  5,  T.  61-9,  with  ascent  of  50  feet,  to  1518;  and  two  short 
portages  successively  ascend  3  and  5  feet  in  the  south  part  of 

sec.  34,  T.  t)2-9,  to  the  north  of  this  south  branch,  near  the 
middle  of  the  east  half  of  this  sec.  34,  at  1525  feet. 

To  (ilU- 

No.      LsDsth.                                          Ii(Niat[oii.                                     In  feet,  kbore 

1.  lOrods S.  W.  i  Of  sec.  .3,  T.  61-9 1  *]M6 

2.  1  mile S.  E.  i  of  N.  W.  1,  sec  9,  T.  61-9 3  1529 

3.  20rod8 N.  iof  sec.  18,  T.  6I-B 4  1533 

4.  imile S.  4  of  sec.  16,  T.  61-9 20  1553 

5.  2rod8 N.  W.  i  of  N.  E.  i,  sec.  29,  T.  61-9 6  1658 

6.  imlle N.  E.  i  of  N.  W.  i,  sec  29,  T.  61-9 4  1562 

7.  a5rod8 N.  pan  of  S.  W.  i,  sec  29,  T.  61-9. 8  1570 

8.  imlle Hear  the  center  of  the  S.  W.  i,  sec.  29 6  1576 

9.  5rods S.  W.  corner  of  see.  29,  T.  61-9 7  1683 

10.  Imlle W.iorsec32,T.61-9,T,  61-9 45  1628 

11.  imile S.  W.iofS.  W.J.  sec.  5,  T.  80-9 15  1643 

12.  2rodB N.  W.  corner  of  sec.  8,  T.  60-9 3  1646 

13.  imlle E.  part  of  N.W.  i,  sec  8,  to  a  small  lake..  14  1660 

14.  imlle S.  E.  corner  of  sec.  8,  T.  60-9 5  1665 

15.  imlle S.  W.  i,  sec.  9,  T.  80-9 16  1680 

16.  imile S.  E.  i.sec.  9,  and  S.  W.i,  sec.  10,  T.  60-9.  20  1700 

17.  lOrods W.  edireofS.  E.  i.  sec  lU,  to  lake  In  theN. 

E.  i  of  sec.  15,  T.  60-B 4  1704 

18.  I  mile From  foregoinn  lake  through  "S.  i  of  sec. 

14,  T.  60-9,  to  Clear  lake 0  1704 

10.     1  mile From  Clear  lake  southwest  to  the  South 

branch    of  Isabelle  river  In  the  aouth 

edge  of  the  N.  E.  i  of  sec.  22  T.  80-9. ...  20  1724 

20.  15  rods N.  edge  of  S.  B.  i,  sec  22,  T.  QO-9 7  1731 

21.  lOrods Central  part  of  S.  E.  i,  sec  22,  T.  60-9,  to 

lake  on  the  south  Hoe  of  this  section 7  1738 

22.  imlle.     ...From  foregoing  lake  southwest  through 

the  N.  W.  i  of  sec  27,  T.  80,  R.  9,  to 

Smokehouse  lake 2  1740 
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V.     KAF  OF  THE  VEST-OBNTRAL  PART   OP  LAKE  COmiTT. 

The  map  of  the  west-central  part  of  Lake  county  which  ac- 
companies this  report  comprises  townships  55  to  61  inclusive, 
of  ranges  8  to  11  inclusive.  Nearly  one-half  of  this  area  is 
still  unsurveyed.  The  surveyed  townships  excepting  the 
southern  tier  of  towns,  T.  56-8  and  T.  57-11,  were  surveyed 
within  the  last  two  years.  The  plats  of  the  unsurveyed  parts 
were  compiled  from  data  collected  by  the  writer.  The  town, 
and  range  lines  have  been  run  through  this  region  and  all 
points  were  located  by  pacing  and  running  by  compass  from 
known  points  on  these  lines.  In  order  to  guard  against  errors, 
all  necessary  corrections  were  made  in  the  field.  The  follow- 
ing towns  are  not  surveyed:  61-8  to  11,  60-8,  59-9  and  10,  58-8 
to  11,*  and  57-8  to  10.  Trails  and  portages  are  indicated  by 
dotted  lines  and  were  fully  described  in  a  preceding  section. 
The  geological  boundaries  are  indicated  by  the  continuous 
lines  drawn  between  the  words  gabbro,  red  rock  and  diabase. 
These  terms  are  used  as  convenient  designations  for  the  three 
large  groups  of  rocks  included  within  this  area,  and  will  be 
explained  in  the  geological  part  of  this  report.    (See  plate  V.) 


GEOLOGICAL  NOTES   ON   NORTHEASTERN 
MINNESOTA. 

1.      INTKODUCTION. 

The  notes  contained  in  the  following  pages  are  based  upon 
observations  made  for  the  state  geological  survey.  The  labo- 
ratory work  has  been  carried  on  in  the  laboratories  of  the  de- 
partment of  geology  in  the  University  of  Minnesota.  Over 
three  hundred  thin  sections  have  been  made  from  specimens 
collected  for  the  greater  part  by  the  writer.  Lack  of  time, 
alone,  prevents  a  more  extended  account  of  the  observations 
made  from  being  given  at  this  time.  The  writer  hopes  in  the 
near  future  to  give  in  fuller  detail  the  results  of  further  exam- 
ination of  the  Keweenawan  eruptives  of  the  north  shore  of  lake 
Superior.  In  giving  the  township  and  range  in  these  notes  the 
township  is  always  north,  and  the  range  is  always  west  of  the 
Fourth  principal  meridian,  Minnesota,  unless  otherwise  stated. 

The  writer  desires  to  express  his  sincere  thanks  to  Prof. 
C.  W.  Hall,  of  the  University,  and  to  Prof.  N.  H.  Winchell  and 

•SiDoe  the  sboTe  w&b  wrllteu  plats  ot  towus  BO-8  and  66-10  and  11  have  been  reoelved 
from  the  Surveyor  Oeaerkl. 
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Dr.  n.  S.  Grant,  of  the  geological  survey,  for  kind  assistance 
given  throughout  the  investigation. 

II.      SNOWBANK   LAKE   AREA. 
Region  north  of  the  take. 

Observations  on  the  rock  outcrops  on  the  shores  of  this  lake 
are  found  in  the  15th,  17th  and  20th  annual  reports  of  the  sur- 
vey. The  writer's  attention  was  directed  to  the  hitherto  unex- 
plored region  extending  from  the  north  shore  of  the  lake  to 
Moose,  Newfound  and  Ensien  lakes.  Between  Moose  and 
Snowbank  lakes  five  cross  sections  were  made.  On  the  soath 
shore  of  the  former  lake  the  rocks  are  sericitic  and  argillitio 
schists.  The  range  of  hills  extending  parallel  with  the  lake 
shore  is  composed  of  vertical  beds  of  schists,  argillyte  and  con- 
glomerate. South  of  these  hills,  at  points  from  one-fourth  to 
three- fourths  of  a  mile  distant  from  the  lake  shore  and  then 
extending  southward  through  a  swamp  and  valley,  are  extens- 
ive outcrops  of  quartzless  porphyry.  This  rock  extends  nearly 
to  Snowbank  lake,  on  the  west  shore  of  which  is  also  a  ridge 
of  schists  and  conglomerates. 

The  accompanying  section,  Plate  VI,  Fig.  2,  (facing  p.  160], 
from  the  N.  E.i  of  N.  W.  i  ot  sec.  35,  T.  64^9,  on  Snowbank  lake, 
N.  W.  tothe^of  S.W.  iof  sec  22.  on  Moose  lake,  fairly  repre- 
sents the  rocks  north  of  Snowbiwk  lake.  The  direction  is  nearly 
northwest  and  southeast,  directly  across  the  strike  of  the  verti- 
cal formations.  Beginning  at  Moose  lake  the  numbers  corres- 
ponding to  those  on  the  diagram  denote  the  different  kinds  of 
rocks  occuring  along  this  section. 

1.  Sericitic  schist.  At  the  lake  shore  this  schist  is  dark  in 
color,  fine  grained  and  has  a  greasy  appearance.  One  hundred 
and  fifty  paces  from  the  shore  at  the  base  of  a  perpendicular 
cliff  one  hundred  feet  high  is  a  light  colored  sericitic  schist 
(165E;  with  small  angular  and  round  feldspars, 

2.  At  the  top  of  the  cliff  this  rock  grades  into  a  schist 
(164E),  in  which  the  feldspar  nodules  have  developed  to  well 
defined  knots  one-fourth  of  an  inch  in  diameter.  The  schists 
stand  nearly  vertical,  dipping  at  different  places  slightly  to 
the  north  or  south.  The  strike  is  about  northeast  and  south- 
west, although  in  some  places  along  Moose  lake  it  varies 
from  east  and  west  to  nearly  north  and  south.  Two  hundred 
paces  from  the  top  of  the  cliff  the  rock  has  changed  to  a  dark 
argillitic,  sericitic  schist  (166E),  in  which  the  knotted  structure 
has  been  dveloped  to  a  greater  extent.     From  the  same  out- 
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crop  specimen  167E  shows  feldspars  two  inches  long.  The 
weathered  surface  here  looks  somewhat  similar  to  that  of  the 
finely  concretionary  greenstone  of  Ely. 

3.  Two  hundred  and  fifty  paces  farther  and  on  the  south 
side  of  a  small  swamp,  is  an  extensive  outcrop  of  ar^llyte 
(277E).  This  rock  breaks  up  into  small  chips  and  tablets  an 
inch  thick. 

4.  Two  hundred  paces  from  the  last  outcrop,  in  a  dense 
balsam  thicket,  is  a  knob  of  conglomerate  flf^  feet  in  diam- 
eter. In  the  conglomerate  are  numerous  rounded  and  angular 
pebbles  of  jasper,  varying  in  size  from  very  fine  grains  to  those 
three  inches  in  diameter.  Many  of  these  pebbles  show  beau- 
tiful banding.  Besides  this  jasper  are  gneiss,  granite  and  slate 
pebbles  not  exceeding  four  inches  in  diameter.  The  matrix  of 
the  conglomerate  is  fine  grained  and  green  in  appearance 
(276Iil).  In  another  outcrop  of  this  conglomerate  fifty  paces 
northeast  of  here  granite  boulders  a  foot  in  diameter  are  com- 
mon. The  conglomerate  forms  the  highest  part  of  the  ridge 
south  of  Moose  take. 

5.  In  the  next  one  hundred  paces  there  is  descent  of 
seventy-five  feet  into  a  swamp  about  a  mile  wide.  N^ar  the 
northern  edge  of  the  swamp  is  an  outcrop  of  quartzless  por- 
phyry, which  cuts  the  conglomerate  and  forms  mica  schist  as  a 
contact  rock.  In  crossing  the  swamp  there  are  occasional 
outcrops  of  porphyry.  ■ 

6.  In  the  N.  W.  i  of  8.  W.  i  of  sec.  26,  T.  64-9,  about  two 
hundred  paces  west  of  Snowbank  lake,  the  porphyry  cats  a 
bed  of  conglomerate.  This  differs  from  number  4  in  that  no 
jasper  pebbles  were  found. 

7.  In  the  conglomerate  are  beds  of  epidote  schist,  and  the 
whole  grades  into  argtUyte.  No  distinct  boundary  between 
this  bed  and  the  preceding  one  can  be  marked  out 

8.  About  four  hundred  paces  southeast  of  number  6  and  on 
the  broad  point  in  section  26  the  argillyte  grades  into  a  hom- 
blend  mica  schist  which  is  considerably  contorted  and  cut  by  a 
hornblende  granite. 

9.  The  granite  continues  to  the  shore  of  Snowbank  lake  in 
the  N.  W.  i  sec.  35,  T.  64-9. 

Of  this  series  of  rocks  the  porphyry  is  the  moat  important. 
Quartz  porphyry  dikes  are  of  common  occurrence  in  the 
Keewatin  rocks  of  Minnesota,  but  in  no  place  does  it  occur  in 
such  a  large  mass  as  it  does  west  of  Snowbank  lake.      Hera  it- 
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extends  Id  a  northeast  and  southwest  direction  from  the  center 
of  section  23,  T.  64-9,  through  sections  27,  38  and  84,  then  west- 
ward to  the  west  range  line  of  T.  64-9,  a  length  of  five  and  one 
half  miles;  it  varies  in  width  from  three  fourths  to  one  and  one 
half  miles.  The  rock  is  exceedingly  hard,  hat  owing  to  the 
basaltic  stmcture,  it  readily  breaks  into  angular  blocks.  The 
area  in  which  this  prophyry  occurs  is  covered  with  these 
blocks.  The  readiness  with  which  the  prophyry  breaks  into 
angular  blocks  probably  explains  why  it  is  found  in  a  valley 
between  ridges  of  mainly  sedimentary  rocks.  Although  these 
latter  rocks  are  more  easily  abraded  by  the  ice  and  at  present 
decompose  more  rapidly,  the  porphyry  bein^  easily  broken 
off  in  large  blocks  would  be  removed  in  much  larger  amounts 
leaving  a  depression  between  the  elastics.  When  freshly 
broken  the  porphyry  has  a  purple  to  grayish  color.  On  a 
weathered  surface  the  rock  is  white  and  occasionally  is  stained 
yellow  or  red  by  ferric  oxide.  Porphyritic  crystals  of  felds- 
par are  numerous;  those  of  quartz  are  rare  and  in  the  larger 
number  of  specimens  are  entirely  absent.  Under  the  micros- 
cope felspar  phenocrysts  of  all  sizes,  up  to  one  fourth  of  an 
inch  in  length,  are  embedded  in  a  microcrystalline  groundmass 
of  quartz  and  feldspar.  The  feldspars  are  orthoclase  and 
oligoclase  and  show  a  more  or  less  altered  condition.  In  606*. 
the  feldspar  has  been  replaced  by  quartz.  Quartz  phenocrysts 
occur  only  in  small  quantiHes  and  sometimes  are  pseudo- 
morphs  after  the  feldspar.  Chlorite  and  epidote  occur  in  small 
flakes  throughout  the  rock.  Biotite  and  apatite  are  rarely 
present.  Specimen  i9aE  represente  the  quartzose  phase  of 
the  porphyry.  In  thin  section,  besides  the  usual  constituents, 
there  are  numerous  quarts  phenocryste.  These,  with  but  one 
or  two  exceptions,  occur  as  round  grains  with  corroded  edges, 
and  have  a  wavy  extinction.  The  felspars  are  exceptionally 
well  developed.  Epidote  is  present  in  small  plates  and 
chlorite  is  scattered  throughout  the  section. 

Whenever  the  relations  of  the  porphyry  and  the  other  rocks. 
of  this  region  could  be  determin&d  it  was  found  that  the 
porphyry  cuts  the  Keewatin  rocks,  sending  dikes  far  across 
the  strike  of  this  formation.  A  great  deal  of  the  disturbance 
of  the  Keewatin  rocks  in  this  locality  is  due  to  the  intrusion  of 
the  porphyry  and  not,  as  it  is  generally  supposed,  to  the 
granite  of  Snowbank  lake,  which  is  the  youngest  formation  in 
region.    Dikes  of  granite  (56E)  cut  the  green  schist  (5BB)  and 
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the  porphyry  (55B)  in  the  8.  E.  i  of  the  N.  W.  i  of  sec  26,  T. 
64-9.  This  is  the  only  place  known  where  the  relations  be- 
tween the  granite  and  the  porphyry  could  be  determined  with 
certainty.  The  general  strike  of  Keewatin  sedimentaries  is 
parallel  to  the  periphery  of  the  porphyry  mass.  On  the  west 
shore  of  Snowbank  lake  this  strike  ia  somewhat  modified  by  ' 
the  granite  intrusion. 

In  going  from  the  bay  in  Snowbank  lake  in  the  N.  W.  i  of 
S.  E.  i  sec.  24,  T.  64-9,  north  20°  west  to  Newfound  lake,  the 
following  outcrops  of  rocks  were  seen  in  the  order  given: 

1.  Mica  schist  and  conglomerate  in  inseparable  beds;  the 
former  becoming  less  schistose  and  micaceous  as  the  distance 
from  the  granite  area  increases. 

2.  Argillyte. 

3.  Mica  schist. 

4.  Coarse  diabase. 

5.  Agglomeratic  greenstone. 

6.  Conglomerate. 

7.  Argillyte. 

6.     Diabase  similar  to  number  4. 
9.     Conglomerate  and  argillyte. 

10.  Sericite  schist  at  three-founhs  of  a  mile  from  Snow- 
bank lake.    This  schist  continues  to  Newfound  lake. 

The  strike  of  the  rocks  mentioned  above  is  nearly  east  and 
west,  and  toward  the  east  this  remains  the  same.  One-half  a 
mile  west  of  the  line  of  the  cross  section  the  strike  of  the  rook, 
is  somewhat  changed  to  a  southwest  and  northeast  direction. 
Farther  west,  near  the  north  end  of  Moose  lake,  the  strike,  as 
previously  mentioned,  is  nearly  north  and  south. 

In  the  region  north  of  the  central  part  of  Snowbank  lake  no 
outcrops  of  the  porphyry,  which  is  so  abundant  west  of  here, 
were  found.  On  the  west  shore  of  Boot  lake,  in  the  S.  W.  ^  of 
N.  W.  i  sec.  21,  T.  64r-8,  are  several  large  dikes  of  this  rook 
cutting  the  graywacke  and  schist  in  this  vicinity. 

In  the  S.  W.  i  of  N.  E.  i  sec.  21,  T.  64-8,  on  the  east  side  of 
the  long  point,  in  the  midst  of  a  bed  of  conglomerate,  is  a  boss 
of  granite  partially  uncovered.  Dikes  run  out  from  this  mass 
in  all  directions,  cutting  the  conglomerate  and  distorting  the 
strata  In  a  very  complicated  manner.  In  the  conglomerate  are 
boulders  up  to  four  feet  in  diameter  of  gneiss,  slate,  diabase 
and  granite.  This  last  can  scarcely  be  distinguished  from  the 
granite  which  cuts  the  conglomerate  of  the  region.    In  several 
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instaucds  a  granite  dike  traced  several  hundred  feet  was 
foand  to  cut  some  of  the  large  boulders  in  the  conglomerate. 
The  contact  between  the  dilce  and  the  granite  boulders  could 
not  be  determined  easily.  Parts  of  the  boulders  adhered  to 
each  side  of  the  dike. 

lite  graniUi. 

The  granites  of  Snowbank  lake  present  an  interesting  prob- 
lem, as  there  is  some  evidence  to  show  that  two  distinct 
granites  exist  here, — an  augite  and  a  hornblende  granite.  The . 
field  evidence  at  hand  is  not  sufficient  to  warrant  an  assign- 
ment of  any  definite  relations  to  these  granites.  The  northern 
shore  of  the  lake  is  made  up  of  schists  and  argillytes  with  sev- 
eral small  ai*ea3  of  granite  occurring  as  dikes  cutting  the  otiier 
rocks  and  on  the  extremities  of  some  of  the  points  projecting 
into  the  lake. 

On  the  west  side  of  the  narrow  bay  in  the  W.  i  of  sec.  20.  T. 
61-8,  is  a  large  outcrop  of  a  light  gray  granite  (271B).  The 
rock  is  medium  grained  and  the  ferro-magnesian  minerals  con- 
stitute about  one-half  of  the  rock  mass.  Under  the  microscope 
this  rock  is  shown  to  be  an  augite  granite.  Orthoclase,  micro- 
cUne  and  oHgoclase  occur  in  equal  proportions.  All  of  the 
feldspars  have  a  well  defined  clear  zone  around  a  kaolinized 
center  and  are  in  some  cases  prophyritically  developed.  Quartz 
is  not  very  abundant  and  occurs  in  small  grains.  The  augite 
and  hornblende  are  closely  associated.  The  augite  is  of  a  light 
green  color,  has  no  pleochroism  and  extinguishes  from  45°  to 
50°.  It  forms  the  cores  of  the  hornblende  which  has  a  darker 
color,  is  pleochroic  in  brown  and  dark  green  and  extinguishes 
at  less  than  22°.  The  cleavage  of  the  hornblende  is  a  continu- 
ation of  that  in  the  augite  core.  The  line  of  division  between 
the  two  minerals  is  distinct  and  the  extinction  angle  of  both 
minerals  is  readily  measured  along  the  same  cleavage.  One 
pyroxene  plate  is  unaltered,  and  its  extinction  and  striations 
bring  it  near  to  diallage.  Hornblende  occurs  in  several  places 
in  bent  bundles  of  slender  rods.  Sphene  occurs  in  double 
wedges  and  rounded  grains.  Magnetite  and  biotite  are  second- 
ary and  are  not  abundant.  ' 

Near  the  section  line  between  sections  19  and  20  this  rock 
(271E)  is  cut  by  a  granite  porphyry  (270E).  The  speci- 
men shows  the  porphyritic  condition  of  the  rock,  which, 
as  a  whole,  has  a  more  even  texture.  In  thin  sections 
are   found  regular  phenocrysts  of  orthoclase  and  nllgoclase 
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embedded  in  a  microcrystalline  grouudmass  of  quartz,  feldspar 
and  ferro-magQesiaD  minerals.  This  rock  also  cuts  and  has 
greatly  modified  the  schists  and  argillyte.  As  these  horn- 
blende and  mica  schists  grade  into  the  argillaceous  slates  and 
graywacke  and  have  their  most  perfect  developement  at  the  con- 
tact with  the  granite,  their  highly  crystalline  condition  is  due 
to  the  action  of  the  granite  upon  the  other  rocks. 

On  the  east  side  of  the  bay  mentioned  above  hornblende 
granite  cuts  the  older  rocks  (273E).  It  has  a  medium  texture 
and  under  the  microscope  shows  the  feldspars,  quartz,  horn- 
blende, biotite  and  a  yellow  decomposition  product,  which 
stains  the  feldspars  and  is  most  likely  limonite- 

Since  the  discovery  of  augite  in  the  granite  from  Snowbank 
lake  the  writer  has,  so  far  as  time  would  permit,  examined 
specimens  collected  by  the  survey.  The  following  specimens 
are  from  this  locality. 

Specimen  521G«,  from  the  S.  E.  i  of  N.  E.  i  sec.  24.  T.  6i-9, 
is  a  fine  dark  hornblende  granite.  Under  the  microscope  this 
shows  the  feldspars,  hornblende,  sphene  and  magnetite.  The 
hornblende  has  altered  to  chlorite  and  shows  no  traces  of 
augite. 

522G,  from  the  island  in  the  N.  E  i  of  S.  W.  i  sec.  19.  T.  64-8. 
is  an  augite  granite.  The  mineral  constituents  are  the  same 
as  In  271E.  Augite  and  hornblende  are  present  in  separate 
plates.  There  is  no  direct  alteration  of  the  former  Into  the 
latter,  but  the  hornblende  possesses  the  fibrous  cleavage  of 
uralite  and  is  a  paramorph  after  the  augite.  Biotite  is  second- 
ary from  the  hornblende.  In  this  section  we  have  a  change  of 
augite  to  hornblende,  which  in  turn  is  altering  to  biotite  and 
chlorite. 

523G,  from  the  N.  W.  J  of  S.  W.  i  sec.  29,  T.  64-8,  is  a 
medium  grained  hornblende  granite  of  a  light  gray  color.  Ex- 
amined in  thin  section,  this  ruck  shows  the  usual  composition 
of  the  hornblende  granite  in  this  locality.  The  feldspars  are 
considerably  altered,  quartz  occurs  only  in  small  grains,  and 
the  hornblende  is  highly  pleochroic  in  green  and  brown. 
Sphene  is  the  oldest  mineral.  Mc^netite  is  largely  secondary, 
Limonite,  an  alteration  product,  stains  the  rock  yellow.  Com- 
bined with  tbe  kaolin  of  the  feldspar  this  produces  a  yellow 
powder  which  is  easily  removed  from  the  rock  and  leaves  cav- 
ities. In  the  hand  specimen  this  peculiar  yellow  stain  is  very 
noticeable. 

*O.S.atsat,Xlth  Annual  Beport.  pp.  M-8T. 
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5246,  from  the  east  shore  of  the  large  island  (Boot  island)  on 
the  range  line  between  T.  64-8  and  64-9,  is  a  coarse  augite 
granite.  In  general  the  rock  is  the  same  as  271E,  differing 
only  in  the  character  of  the  augit©,  which  in  this  section  is 
fresh,  shows  no  signs  of  alteration,  is  niot  pleochroic,  eztiQ- 
guishes  at  46°  and  has  a  deep  green  color. 

1722  N.  H.  W..  from  the  island  in  S.  W.  1  of  8.  W.  i  sec.  30, 
T.  64-8,  is  a  very  fine  grained  granite  with  orthoclase,  micro- 
cline  and  quartz  phenocrysts  in  a  microorystalline  hase  of 
quartz  and  feldspar.  HombleDde  occurs  in  small  scattering 
plates  and  is  greatly  altered.  Sphene,  magnetite  and  limonite 
complete  the  mineral  constituents. 

From  the  above  descriptions  it  is  evident  that  this  augite 
granite  occurs  at  a  namber  of  places  around  Snowbank  lake, 
and  an  examination  of  specimens  from  different  outcrops  in  this 
■  locality  will  probably  show  b.  wider  distribution  of  this  rock. 

Without  going  into  the  details  of  the  field  observations  re- 
corded in  the  15th,  17th  and  20th  annual  reports,  it  will  be 
suf^cient  to  say  that  all  geologist  have  described  two  granites 
hitherto  designated  in  the  field  as  red  and  gray  syenites.  The 
former  and  of  these  is  a  hornblende  granite  and  the  latter  an 
augite  granite.  The  exact  relations  of  these  granites  to  each 
othei*  and  of  the  gray  granite  to  the  sedimentaries  of  this  re- 
gion are  still  doubtful.  The  gray  granite  has  not  been  found 
in  contact  with  the  schists,  argillytes  and  conglomerates  of 
the  region,  and  it  is  cut  by  the  red  granite  which  also  cuts 
the  schists.  The  most  reasonable  explanation  which  can  at  • 
present  be  assigned  to  the  occurence  of  these  granites  in  the 
same  area,  is  that  they  are  parts  of  the  same  magma  and  that 
the  hornblendic  variety  was  erupted  at  a  later  dated  and  per- 
haps at  a  time  of  greater  violence  than  that  of  the  eruption 
of  the  augite  granite,  which  formed  the  outer  portion  of  the 
magma.  As  there  is  sufBcient  reason  to  place  all  of  the  erup- 
tive pre-Animikie  gr&nites  of  Minnesota  into  one  period,  in  com- 
paring this  area  with  the  other  granite  areas  the  following 
facta  must  be  considered:  on  Kekeqaabic  lake  the  augite  gran- 
ite cuts  the  Keewatiu  sedimentaries;*  in  the  White  Iron  lake 
area  the  dark  hornblende  granite,  which  corresponds  to  the 
augite  granite,  has  the  same  relations  to  the  Ceewatin,  as  that 
in  the  preceding  Instance;  in  all  localities  where  the  light  col- 


D,qit,zeabvG00»^lc 


158  TWENTY-SECOND  ANNUAL  REPORT 

ored  grODite  is  found,  it  ia  the  later  granite  and  has  cauBed  a 
greater  disturbance  than  the  augite  granite;  and  -wherever 
granite  pebbles  and  boulders  are  found  in  the  Keewatin  con- 
glomerate, they  are  almost  wholly  made  up  of  light  colored 
granite  similar  to  that  which  cute  these  older  rocks.  The  last 
case  is  well  illnstrated  by  the  granite  on  Boot  lake,  described 
on  a  preceding  page. 

Augite  granite  has  been  found  only  in  two  localities  in  north- 
eastern Minnesota,  viz.,  8nowbank  and  Kekequabic  lake  areas. 
In  the  granite  specimens  collected  and  described  by  Dr.  Alex. 
Wincbell  as  augite  granite  from  White  Iron  and  Saganaga 
lakes,  a  microscopical  examination  fails  to  show  augite.  The 
mineral  taken  as  such  is  only  hornblende,  which  occurs  in  dark 
masses  varying  in  size  from  the  lenticular  patches  a  few  inches 
in  diameter  to  the  irregular  areas  a  fourth  of  a  mile  in  length. 
A  microscopical  examination  of  a  number  of  thin  sections  sec- 
tions from  these  peculiar  areas  shows  that  the  rock  is  com- 
posed of  hornblende,  occasionally  some  feldspar  and  rarely 
quartz.  Biotite  is  due  to  the  alteration  of  the  hornblende. 
The  sagenite  structure  of  rutile  is  well  shown  in  several  slides. 

In  central  Minnesota*  the  occurrence  of  the  dark  inclusions 
in  the  granite  is  the  same  as  that  of  those  just  mentioned  in 
.  the  northeastern  part  of  the  state.  The  mineral  composition, 
however,  is  somewhat  different.  In  thin  section  these  are 
found  to  consist  of  fresh  augite  or  hornblende,  with  all  degrees 
of  alteration  of  the  former  to  the  latter,  showing  conclusively 
the  secondary  origin  of  the  hornblende.  Other  evidence  also 
shows  that  most  of  the  hornblende  granite  of  the  same  locality 
was  originally  an  augite  granite. 

From  the  foregoing  notes  it  is  seen  that  the  granite  forma- 
tion of  Minnesota,  which  finds  its  greatest  extent  in  the  moun- 
tain masses  of  the  Giant's  range,  although  in  the  larger  part 
of  its  area  a  hornblende  granite,  yet  in  other  parts  there  are 
unmistakable  proofs  that  it  was  originally  an  augite  granite. 

The  present  altered  mineralogical  composition  of  the  granite 
is  accounted  for  by  the  explanation  suggested  by  Prof.  N.  H. 
Wincbell  to  explain  the  great  strength  of  Minnesota  granites:! 
"We  may  perhaps  account  for  the  greater  strengUi  of  Minne- 
sota crystalline  rocks  by  supposing  them  less  changed  super- 
ficially by  the  process  of  decay,  the  lateness  of  the  glaciation 

•For  Inlornmtlon  concerning  this  localltr  the  wrlM 
tH,  H.  Wlnchell.     "The  cmnparallTe  BtronBth  o 
granlMa."    IJth  Ann.  Hoport,  pp.  U-18, 
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to  which  they  have  been  subjected  having  left  them  compara- 
tively fresh  through  the  recent  removal  of  a  considerable 
thickness."  Every  oue  familiar  with  the  occurrence  of  this 
granite  formation  will  recognize  the  fact,  that  in  the  localitie  s 
where  augite  has  been  f  lund  as  one  of  the  original  constitu  • 
ents,  the  glacial  action  has  been  more  pronounced  and  has 
removed  a  great  thickness  of  the  surface  rock,  up  to  that  time 
undisturbed,  leaving  a  much  fresher  rock  than  elsewhere,  and 
in  which  one  would  naturally  expect  to  find  a  facies  of  the 
formation  nearer  to  its  original  condition. 

In  connection  with  the  preceding  it  may  be  of  interest  to 
note  that  the  hoiTiblende  and  mica  schists  of  Snowbank  and 
White  Iron  lakes  grade  into  argillaceous  slates  and  conglom- 
erates. The  schistose  character  is  most  fully  developed  at  the 
contact  with  the  graoite.  -All  evidence  tends  to  show  that  the 
schists  are  dne  to  the  intrusion  of  the  granite  and  suggests 
that  the  narrow  belts  of  schist  generally  found  between  the 
granite  and  the  Keewatio  rocks  and  which  have  hitherto  been 
designated  as  a  separate  formation  (Coutohichiag  or  VermiUon) 
are  only  altered  portions  of  the  Keewatin  which  have  been 
subjected  to  the  heat  and  action  of  the  intrusive  granite. 


III.       ACTINOLITE    MAGNETITE    SCHISTS    FROM    THE    BASTEEN 
MESABI    RANGE.* 

The  writer  while  studying  the  peculiar  rock  occurring  along 
the  central  part  of  the  northern  periphery  of  the  great  gabbro 
belt,  designated  as  the  Pewabic  quartzyte,  found  in  the  vicin- 
ity of  Birch  lake  an  extensive  area  of  actinolite  magnetite 
schists  associated  with  the  Animikie.  The  derivatioa  of  these 
schists  from  a  rock  containing  a  carbonate  of  iron  and  their 
lithologicml  similarity  to  those  found  in  the  Penokee  series 
tend  to  establish  an  important  analogical  link  between  the  two 
series  of  which  they  are  a  part. 

Since  this  investigation  was  carried  on,  actinolite  schists 
from  this  locality  have  been  described  by  Dr.  W.  S.  Bayley.f 
These  descriptions  and  the  additional  evidence  obtained  during 
the  summer  of  1893  confirm  the  views  previously  expressed  by 
the  writer. 

iB  of  Master  ot  Solenoe  tn  the  Unlrersfty  o( 
idem;  at  Natural  SaleoaeB,  M»j  1, 1803. 
^Amer.  Jour.  So!.,   Ill,  Vol.  xWU  pp.  lTS-180.  Sept..  1803.    The  writer  wlBhsa  to  M- 

knowledge  the  Icladness  ol  Dr.  Bajley  tor  (he  opportunity  given  to  examine  the 

Blldes  used  Id  bisdeacrlptloDS. 
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The  accompanying  map  (Plate  VI,  Pig.  1.)  of  the  west  end 
of  Birch  lake  gives  a  comprehensive  view  of  the  geological 
structure  of  this  region.  The  contour  lines  were  tabfln  from 
the  topographical  notes  of  Mr.  A.  D.  Meeds. 

Numerous  specimens  have  been  collected  by  the  state  survey 
from  this  locality.*  Nearly  all  these  have  been  examined  in 
thin  section.  In  the  following  pages  the  descriptions  of  the 
occurrences  of  the  field  outcrops  are  taken  from  the  annual 
reports  of  the  survey,  where  more  detailed  accounts  may  be 
fonnd.  Beginning  with  the  western  extent  of  this  area,  where 
the  Animikie  approaches  nearest  to  its  normal  condition  found 
on  the  western  Mesabi,  the  formation  is  traced  through  con- 
tinuous outcrops  to  the  north  shore  of  Birch-  lake,  where  it 
disappears  under  the  gabbro,  and  where  the  crystalline  char- 
acters have  the  highest  development  In  studying  the  variety 
and  the  extremes  of  the  lithological  characters,  and  by  noting 
the  gradual  (ihange  of  one  extreme  into  the  other,  we  have  un- 
disputable  evidence  of  the  origin  of  the  crystalline  portions 
of  the  formation.  The  object  of  the  following  paper  is  to  show 
the  derivation  of  the  actinolite  schists  and  their  rela- 
tions to  their  geological  associates  in  the  vicinity  of  Birch  lake. 
The  fact  that  the  so-called  "Pfwabic  quartzyte,"  between 
Birch  take  and  Gunflint,  is  a  part  of  the  iron  bearing  portion 
of  the  Animikie  will  also  be  shown. 

Specimens  ixUtcUd  by  Prof.  N.  H.  WinduU. 

The  following  specimens,  collected  by  Prof.  Winchell.t  were 
examined  in  thin  sections  by  the  writer-  Several  diamond 
drill  sections  have  been  made  under  the  management  of  Capt. 
Wicks.  Of  these  the  one  (No.  5)  on  the  N.  W.  i  S.  W.  i  sec  27, 
T.  60-13,  gives  the  most  complete  rock  section  as  well  as  that 
of  the  greatest  thickness.  In  ascending  order  the  r^k  foand 
here  is  as  follows: 

1636.     Granite,  3  feet. 

1635.     Bottom  of  quartzyte,  1  foot. 

1634.  10  feet  A  hard  siliceous  greenish  rock,  which  con- 
tains many  fragmental  grains  of  quartz.  In  thin  section  the 
quartz  grains  appear  angular  and  show  no  signs  of  enlarge- 
ment. They  are  derived  from  the  granite,  some  contain  numer- 
ous rutile  needles  and  are  full  of  inclusions.  The  matrix  is  com- 
posed of  microorystalline  quartz  and  aphanitic  green  material 

•H.  v.  WiDCbeU.     ITth  Add.  BepL.  pp.  81-M. 
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Fig.  Z    CB03S-SBCTI0N  FBOM  MOOBB  LASB  TO  Snowbank  lakb,     Nobth- 

WKHT  TO  SOOTHBA3T.    DISTANCE  TWO  HILBS.    ALTITUDES  EX- 
PRESSED IN  FEET  ABOVE  THE  SBA-LBVBI.. 
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which  has  a  tendency  to  form  actinolite  needles.  These  needles 
occur  in  bundles  and  in  some  cases  penetrate  the  quartz  grains. 
The  transition  upward  to  the  next  is  gradual. 

1633.,  15  feet.  Round  fragmental  quartz  grains  cemented 
in  a  matrix  of  quartz.  In  thin  section  this  shows  rounded  frag- 
mental grains  of  quartz  embedded  in  a  microcrystalline  matrix 
of  quartz  and  some  green  material.  Some  of  the  quartz  frrains 
show  a  slight  enlargement,  being  bordered  by  a  ragged  rim  of 
fine  grained  quartz  with  similar  orientation. 

1632.  17  feet.  Fine  grained  pinkish-cream  colored  quartz- 
yte.  The  hand  specimen  is  composed  of  microcrystalliae  silica 
similar  to  the  matrix  of  the  preceding  section. 

1631.  24  feet.  Siliceous,  Sne  magnetite.  On  account  of  the 
high  percentage  of  red  hematite  and  magnetite  this  rock  in 
thin  section  is  nearly  opaque.  A  few  small  grains  of  quartz  . 
were  seen. 

1630.  20  feet.  Gray  quartzyte,  nearly  all  silica  with  round 
concretions.  This  is  a  magnetitic  concretionary  chert.  Rough- 
ly oval  and  rhombic  outliQed  areas  of  magnetite  and  hematite 
occur  in  a  cherty  background.  The  magnetite  occurs  in  small 
cubes  and  the  hematito  is  distinguishable  only  in  reflected  light 
by  its  red  color.  These  two  minerals  occur  in  alternating 
bands  in  the  same  concretions.  The  iron  oxides  are  often 
concentrated  upon  the  exterior  of  the  areas,  and  in  some  cases 
they  have  grown  beyond  the  outer  borders  and  extend  into  the 
cherty  background.* 

Another  section  from  the  same  specimen  shows  a  concre- 
tionary actinolitic  chert.  The  concretionary  structure  is  not 
so  marked  as  in  the  preceding  section.  A  considerable  amount 
of  a  greenish  mineral  matter  is  present.  Under  a  high  power 
this  shows  the  development  of  fine  actinolite  needles  and  plates. 

1629.  70  feet.  "Black  slate"  heavily  charged  with  mag- 
netite. Magnetite  occurs  in  well  developed  crystals  and  com- 
poses nearly  the  whole  section.  Well  developed  plates  of 
actinolite  lie  between  the  grains  of  magnetite. 

1628.  157  feet.  Black  and  gray,  fine  banded  rock,  with  fine 
grained  magnetite,  tb(^  latter  being  distributed  through  the 
whole,  and  sometimes  concentrated  along  planes  of  weakness 
in  beds  six  to  ten  inches  in  thickness.  The  banding  is  wavy. 
A  thin  section  of  the  drill  core  cuts  the  light  and  dark  bands  of 
the  rock.    The  light  colored  bands  are  composed  largely  of 

•Compare:  B.  D,  Irving  and  C.  R.  VbdHIb*.  lOthAnn.  Bep.U.  S.  Oeol.  BarTey.  p,  190. 
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greenish  aphatiitic  material  showing  numerous  minute  crystals 
of  actinolite.  Other  portions  of  these  bands  have  large  plates 
of  actinolite.  The  magnetite  is  concentrated  along  certain 
lines  and  extends  into  the  actinolite  bands.  In  places  it  ap- 
pears in  a  roughly  concretionary  form.  The  actinolite  in  this 
section  has  been  developed  to  a  greater  extent  than  that  in  the 
rock  lower  down  in  the  series. 

The  above  drill  section  represents  a  total  thickness  of  three 
hundred  and  twenty-one  feet.  A  number  of  other  drills  have 
been  made  in  the  same  region.  The  succession  of  the  different 
rocks  is  the  same  as  that  described  above.  The  different  strata 
vary  in  thickness  as  the  extreme  northern  edge  of  the  forma- 
tion is  approached.  The  only  rock  of  uncertain  thickness  is 
number  163i!,  the  fine  grained  pink  quartzyte,  which  is  absent  in 
some  places.  The  whole  of  the  quartzyte  is  wanting  a  short 
distance  east  of  this  locality.  A  drill  hole  sunk  in  section  13, 
T.  60-13,  passed  through  one  hundred  and  ninety  feet  of  hard 
"jaspery  taconyte"  banded  with  ore  and  resting  upon  the 
granite.  The  bands  of  ore  were  five  or  six  inches  thick,  and 
the  iron  ore  was  hard,  black  and  nearly  always  magnetic. 

Specimen*  colteeted  ty  fT.  V.  Winehell. 

In  describing  these  specimens,  they  will  be  taken  up  in  the 
order  of  their  occurrence  from  the  west  toward  Birch  lake. 
Detfuled  notes  of  their  occurrence  may  be  found  in  the  17th 
annual  report,  and  page  references  refer  to  this  report  and 
the  numbers  refer  to  the  specimens. 

373.  (P.  86. )  S.  W.  i  of  S.  W.  i  sec.  32,  T.  60-13.  This  is 
a  black  slate,  and  is  composed  of  a  clouded  aphanitic  mass  of 
brownish  material,  which  shows  some  clear  pieces  of  actinolite. 
Magnetite  is  not  very  abundant. 

369.  (P.  85. )  Iron  lake.  N.  E.  i  sec.  23,  T.  60-13.  A  black 
magnetic  rock  lying  nearly  horizontal.  The  magnetite  and  sid- 
erite  occur  in  well  defined  crystals.  Part  of  the  latter  in  thin 
plated  is  translucent.  The  green  aphanitic  mass  of  the  rock 
has  developed  into  plates  of  actinolite. 

365.  (P.  84.)  N.  W.  J  sec.  24,  T.  60-13.  In  a  perpendicu- 
lar wall  eight  feet  high  and  several  rods  long  of  a  heavy  black 
rock.  This  is  a  concretionary  actinolite  slate,  composed  of 
aphanitic  green  material  considerable  developed  to  actinolite. 
Actinolite  forms  small  oblong  concretions,  in  which  the  fibers 
have  a  radial  structure  similar  to  that  of  the  mineral  in  the 
zeolites.     Needles  and  prisims  of  the  amphibole  penetrate  and 
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cross  these  coaoretlons.  MagDitite  is  coDfined  to  the  concre- 
tions. 

364.     (F.  83. )    Is  a  conglomerate  boulder. 

363.  (P.  83.)  "A  smoothed,  black  exposure  of  ferruginous 
quartzyte  several  acres  in  extent  appears  on  the  surface  of  the 
ground  in  the  N.  W.  J  of  N.  E.  J  sec  19.  60-12."  The  rock 
and  magnetite  both  weather  shiny  black.  The  specimen  is 
largely  composed  of  magnetite  which  occurs  in  concentrated 
parallel  bands.  Actinolite  forms  the  light  colored  bands  of 
the  rock.  It  is  present  in  small  fresh  prismatic  plates  2  mm. 
in  diameter. 

362.  (P.  82.)  Near  the  last  locality.  Banded  magnetite. 
This  coasiste  of  several  alternating  light  and  dark  bands.  The 
latter  are  due  to  the  concentration  of  magnetite  which  gradu- 
ally decreases  in  quantity  as  the  borders  of  the  light  bands  are 
reached,  and  in  the  interior  of  these  bands  it  occurs  only  in 
isolated  grains.  The  light  bands  are  composed  of  almost  col- 
orless grains  of  amphibole,  the  characters  of  which  cannot  be 
determined.  This  section  represents  an  intermediate  stage  of 
developement  between  the  slates  composed  of  aphanitic  and 
unindividualized  green  material  and  the  actinolite  magnetite 
schists  represented  by  Dr.  Bayley's  specimen  No.  8783. 

361  and  360.  {P.  82. )  In  the  N.  E.  corner  of  sec.  19,  T.  60- 
12,  is  a  shaft  about  ten  feet  deep  in  a  greenish  inagnetitic  slate. 
Number  361  is  a  slate  composed  of  unindividualized  matter. 
Number  360  is  a  concretionary  amphibole  schist.  The  amphi- 
bole occurs  in  plates  and  irregular  grains,  having  extinction 
angle  of  14°  to  25°.  Actinolite  and  common  hornblende  are 
both  present.  Angite  occurs  in  irregular  plates,  intergrown 
with  the  amphibole.  The  concretions  of  the  ferro-magnesian 
minerals  and  magnetite  lie  against  a  background  of  medinm 
grained  quartz. 

359.  { P.  82. )  In  the  S.  W.  \  of  S.  W.  i  sec.  17,  T.  60-12,  is 
a  magnetic  quartzyte  in  strata  dipping  S.  S.  B.  10°  to  12°. 
Under  the  microscope  this  rock  shows  the  same  character- 
istics as  those  of  the  preceding  specimen.  The  green  sub- 
stance has  not  been  fully  developed  to  amphibole. 

358.  {P.  82. )  "At  one-fourth  of  a  mile  south  of  the  S.  E. 
comer  of  sec.  7,  T.  60-12,  are  numerous  angular  fragments  of 
olivinitic  magnetite  projecting  through  the  moss."  This  rock 
is  largely  composed  of  microcrystalline  quartz.  The  other 
constituents  are  magnetite,  hematite  and  a  green  substance. 
This  substance  has  partially  changed  to  actinoflte,  forming 
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bundles  of  innuiuerable  fine  needles,  some  of  which  penetrate 
the  quartz.  Several  rough  rbotnbohedral  pieces  of  a  brownish 
mineral,  probably  siderite,  are  present.  An  indistinct  concre- 
tionary structure  is  also  noticeable. 

356.  (P.  93.)  Iron  ore,  four  hundred  paces  east  of  the  west 
quarter  post  of  sec.  10,  T.  60-10. 

396.  (P.  93.)  A  short  distance  south  of  Birch  lake  in  the 
N.  E.  \  of  sec.  26,  T.  61-12.  is  a  knoll  of  fine  grained  crystal- 
line rock.  This  is  a  fine  grained  gabbra.  "The  gabbro  ap- 
pears in  small,  detached  knobs,  lying  on  the  Animikie  iron  ore 
beds.  These  beds  are  somewhat  disturbed  and  broken  and 
vary  in  dip  from  12°  to  30°  to  the  southeast.  Near  these 
knolls  of  gabbro  the  iron  ore  rock  is  semi-crystalline,  contain- 
ing porphyritic  crystals  of  hornblende  sometimes  two  and  one 
half  inches  long,  397.  There  are  large  outcrops  of  this  Anim- 
ikie rock  here.  Sometimes  the  stratification  is  not  very 
evident,  but  generally  it  is  distinct  and  well  marked,  898." 

897.  In  thin  section  this  consists  of  large  plates  of  actlno- 
lite,  pleochroic  in  light  and  pale  green  and  extinguishing 
nearly  parallel.  Cross  sections  of  the  crystals  show  the  char 
acteristic  amphibole  cleavage.  Numerous  small  grains  of 
quartz  are  enclosed  by  the  actinolite,  which  in  several  cases 
forms  around  a  number  of  the  quartz  grains  a  rim  of  inward 
penetrating  needles.  A  few  small  pieces  -ot  plagioclase  also 
occur.     Magnetite  occurs  in  small  crystals  in  the  actinolite. 

398.  The  mineral  composition  of  this  is  the  same  as  the  pre- 
ceding, having  in  addition  augite  and  olivine.  It  is  of  medium 
texture.     Quartz  occupies  about  one  half  of  the  section. 

399.  ' '  Some  of  the  Animikie  is  almost  all  quartz  which  forms 
a  coarse  granular  sandstone  on  decomposing.  G.  i  of  N.  W.  i 
sec.  35,  T.  61-12."  This  is  composed  of  interlocking  quartz 
grains  including  magnetite  and  actinolite.  The  quartz  inter- 
locks by  irregular  sutures.  The  magnetite,  which  is  the  old- 
est mineral,  is  often  in  well  marked  octahedrons  enclosed  in 
the  quartz,  but  more  frequently  it  is  in  rounded  grains,  either 
surrounded  by  a  quartz  Individual  or  situated  between  several 
of  them.  The  actinolite  holds  the  same  relation  to  the  quartz 
as  does  the  magnetite.  Both  of  these  are  somewhat  altered  to 
limonite  and  chlorite'.  In  its  present  condition  nothing  re- 
mains to  show  a  clastic  origin.  This  character  of  the  rock  is 
common  in  the  iron  bearing  member  of  the  Animikie  both  on 
the  Mesabi  ^nd  on  the  Penokee  ranges.  It  is  largely  on  ac- 
count of  the  abundance  ot  this  quartz  in  the  so-called  "Pewa- 
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bic  quartzyte"  between  Birch  and  Akeley  lakes  that  this  part 
of  the  iron  bearing  member  has  been  perhaps  wronjffully  re- 
ferred to  the  basal  quartzyte  of  the  Animikie. 

401.  (P.  94).  "In  the  S.  E.  i  N.  E.  i  sec.  35,  T.  61-12.  are 
several  ridges  of  magnetic  quartzyte  having  vertical  faces  li 
feet  high  on  the  west.  A  few  feet  west  of  one  of  these  walls 
of  rock  there  is  a  knoll  of  syenite-  The  quartzyte  is  in  beds 
which  are  nearly  horizontal  and  seem  to  have  about  the  same 
texture  and  composition  where  it  lies  on  top  of  the  syenite  as 
they  have  ten  feet  higher  up,  401."  Tbis  is  strikingly  similar 
to  the  preceding  rock  specimen.  It  is  composed  of  large 
irregular  interlocking  quartz  grains,  hematite  and  magnetite, 
which  shows  the  original  concretionary  form  so  common  in  the 
Animikie  slate.  A  peculiarity  in  which  it  differs  slightly  from 
tnese  other  slates  is,  instead  of  a  background  of  microcrystal- 
line  quartz,  each  of  the  concretions  occurs  in  a  separate  grain 
of  quartz.  In  some  of  the  concretions  the  hematite  and  mag- 
netite have  a  banded  structure  similar  to  that  seen  in  jasper. 
A  bronn  decomposition  product,  probably  limontte,  results 
from  the  decay  of  the  iron  oxides.  The  magnetite  which  does 
not  occur  as  round  concretions  is  arranged  in  bands  through 
the  rock. 

402.  {P.  95).  "In  the  N.  E.  i  of  S.  W.  i  sec.  35,  T.  61-12, 
the  magnetitic  quartzyte  seems  to  have  been  affected  by  some 
metamorphosing  agent  which  has  produced  large  crystals  of 
hornblende  in  it."  Tbis  is  an  actinolite  magnetite  schist.  The 
actinoUte  occurs  in  {Rates  and  needles,  which  extinguish  nearly 
parallel.  The  magnetite  is  irregularly  scattered  throughout 
ihe  whole  section.  Quartz  composes  about  one-third  of  the 
rock. 

404.  (P.  95).  "Toward  the  S.  W.  J  of  sec.  35,  T.  61-12,  the 
land  rises  until  it  is  200  feet  above  Birch  lake.  On  this  high 
land  many  large,  smooth-topped  exposures  are  produced  by 
windfalls.  The  strata  seem  to  have  been  disturbed  and  slightly 
elevated  by  some  force  from  beneath.  The  usual  dip — less  than 
80°  to  the  southeast — is,  however,  still  maintained.  Some  of 
the  beds  of  this  Animikie  rock  are  but  slightly  iron  bearing  and 
are  almost  wholly  composed  ot  olivine,  404."  A  section  of  this 
rock  is  composed  of  two-thirds  of  quartz  and  the  remainder  of 
actinolite,  olivine  and  magnetite.  The  quartz  occurs  in  inter- 
locking grains  as  described  above.  The  other  minerals  occur 
as  rounded  grains  within  quartz  grains  or  in  masses  between 
the  grains.     Innumerable  fine  tufts  of  actinolite  needles  pene- 
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trate  the  quartz  grains  in  all  directions.  Numerous  crystallites 
of  the  same  mineral  crowd  the  quartz,  forming  by  their  oombi- 
nation  beautiful  fibres.  A  yellow  decomposition  product  fills 
up  the  fractures  in  the  quartz. 

405.  (P.  95).  In  the  N.'i  of  the  S.  E.  J  sec.  24,  T.  61-12.  the 
general  occurrence  of  the  Animikie  is  the  same  as  that  south  of 
Birch  lake.  Thin  strata  of  rich  magnetite  are  separated  from 
each  other  by  beds  of  poor  ore  or  quartzyte,  405.  Under  the 
microscope  this  rock  is  found  to  bo  made  up  of  quartz,  actinolite 
and  magnetite.  The  quartz  occurs  in  rounded  grains  surrounded 
by  the  other  minerals,  and  in  irregular  interlocking  grains. 
The  actinolite  occurs  in  long  slender  plates  and  in  bundles  of 
needles.  ' '  There  is  a  heavy  covering  of  drift  sand  and  boulders 
here.  Granite  in  place  and  gabbro  lying  on  it  were  seen  a 
short  distance  farther  east  in  the  S.  E.  i  N.  W.  i  sec.  24,  T. 
61-12.  The  Animikie  beds  seen  in  the  vicinity  were  in  knolls 
that  rise  above  the  granite  and  gabbro  and  are  estimated  to  be 
150  feet  above  Birch  lake.  A  thickness  of  about  25  feet  of  the 
iron-bearing  strata  was  seen  in  the  various  shafts." 

The  outcrops  just  noted  mark  the  eastermost  extension  of 
the  Mesabi  iron-bearing  strata,  which  in  the  field  have  been 
found  to  be  continuous  and  of '  the  same  formation,  although 
varying  greatly  in  lithological  characters.  Farther  east  are 
other  isolated  outcrops  of  this  formation  which  will  be  men- 
tioned below. 

Otfm-  obaervatioru. 

Other  observations  have  been  made  in  ^is  vicinity  by  Prof. 
Winchell*  and  the  writer. 

IQ  the  S.  E.  i  of  S.  E.  i  sec.  23,  T.  61-12,  a  number  of  shafts 
have  recently  been  made  by  the  Spellman  Mining  Co.,  under 
the  direction  of  Mr.  W.  L.  Honnold.  The  largest  shaft  was 
sunk  about  200  feet  east  of  the  granite.  This  passes  through 
black  slates,  gabbro,  iron  ore  and  actinolite  schist. 

The  following  notes  were  given  to  the  writer  by  Mr, 
Hoanold:  "  The  deepest  shaft  was  sunk  37  feet  deep, — 7  feet 
surface,  20  feet  magnetic  ore  and  10  feet  homblendic  quartzyte 
(foot  wall).  Between  the  ore  and  foot  wall  is  a  seam  three  or 
four  inches  thick  of  chloritic  material,  ■tfery  soft  and  probably 
resulting  from  the  decomposition  of  the  foot  wall.  The  foot 
wall  carries  considerable  ore  in  irregular  distribution,  and  the 
ore  passed  through  at  first  was  apparently  due  to  aa  unusual 
concentration  of  this.    The  '  black  slates '  were  not  encountered 
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in  the  shaft,  bat  are  to  be  found  near  the  surface  about  SOO 
paces  east  of  this  shaft.  Whether  these  are  a  continaous  for- 
mation or  merely  a  local  variation  of  the  quartzyte  Is  undeter- 
mined," 

The  so  called  black  slates  of  this  locality  were  found  by  the 
writer  only  in  large  blocks  removed  from  their  original  posi- 
tion. They  are  the  same  as  the  black  slates  south  of  Birch 
lake,  but  as  they  are  not  found  in  situ  north  of  the  lake,  they 
may  be  dismissed  without  further  mention.  All  of  the  speci- 
mens obtains  from  this  vicinity  were  examined  in  thin  sections 
with  the  following  results: .  The  rock  called  the  hanging  wall 
in  the  largest  shaft  is  a  biotite  gabbro  of  medium  tezture  and 
considerably  alteredr  This  occurs  as  detached  knobs  resting 
upon  the  iron-bearing  rock  beneath  it,  in  the  same  manner  as 
the  gabbro  south  of  the  lake.  The  magnetic  ore  is  composed 
of  a  high  percentage  of  magnetite,  occuring  in  well  defined 
cubes  and  rounded  grains.  The  interstices  between  the  grains 
are  filled  with  plagioclase,  augite,  biotite  and  quarts,  all  of 
which  are  very  fresh.  The  rock  associated  with  the  ore  is 
composed  of  actinolite.  This  mineral  occors  in  large  plates 
and  bundles  of  numerous  beautifully  twined  crystals.  In  places 
biotite  and  chlorite  show  the  alteration  of  the  Eictinolite.  A 
few  grains  of  quartz  are  scattered  throughout  the  section.  The 
"horublendic  quartzyte"  is  a  fresh  actinolite  schist.  The  ac- 
tinolite occurs  in  crystals  several  inches  in  length  and  encloses 
numerous  quartz  grains.  This  rock  is  the  same  in  character 
as  specimen  960  and  described  as  an  olivinitic  quartzyte.*  In 
thin  section  this  rock  is  an  actinolite  schist  similar  to  the  schist 
south  of  Birch  lake.  The  characters  of  the  minerals  in  this 
section  in  every  way  correspond  to  those  shown  in  Dr.  Bayley's 
specimen  No.  8783,  from  which  it  differs  only  In  coarseness  of 
texture.  In  this  locality  we  have,  thus,  the  actinolite  schist 
and  the  magnetic  ore  occurring  in  alternating  bands  of  great 
thickness.  The  original  character  of  the  rock  has  been  totally 
obliterated  and  in  its  present  condition  the  rock  is  wholly 
crystalline,  representing  one  extreme  of  the  variations  in  the 
lithological  character  of  the  Animlkie  schists. 

Specimens  collected  by  Mr.  A.  D.  Meeds  in  1893  are  nearly 
all  from  the  southern  limit  of  the  Animikie  rocks,  f 

Number  2,  is  a  fine  grained  gabbro,  from  the  N.  W.  i  of  N.  W. 
i  see.  2,  T.  60-12. 

•N.  H.  Wtaohell,  Uth  AnD.Rept.-p.  335. 
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Number  2a,  from  an  outcrop  a  short  distance  north  of  the  N. 
W.  corner  of  section  2,  is  the  same  as  specimen  404  described 
above. 

No.  5,  is  coarse  gabbro,  near  the  east  quarter  post  of  sec.  2B. 
T.  61-12. 

No.  6,  from  the  N.  E.  i  of  S.  W.  i  sec.  10,  T.  60-12,  is  a  fine 
grained  gabbro. 

No.  7,  from  near  the  east  quarter  post  of  sec.  17,  T.  60-12,  Is 
the  same  as  the  actinolite  schists  described  above. 

No.  8,  one  fourth  of  a  mile  south  of  the  N.  E.  corner  of  sec. 
85,  T.  60-13,  is  a  fine  grained  biotite  schist.  This  is  a  part  of 
the  Animikie  slate  and  is  composed  of  quartz  and  biotite. 

South  of  this  locality  the  coarse  gabbro  occurs  in  numerous 
knobs  and  ridges.  On  account  of  the  level  topography  in  this 
vicinity  the  contact  of  the  slate  and  gabbro  was  concealed  by 
swamps, 

Summary. 

In  the  preceding  notes  attention  is  called  to  the  varying  lith- 
ological  characters  of  the  formation  under  consideration.  This 
formation  has  been  traced  by  continuous  outcrops  from  the 
Mesabi  iron  bearing  rock  to  Birch  lake.  At  the  western  end 
the  sedimentary. character  is  undisputed.  Going  eastward  the 
Animikie  gradually  thins  out  until  ic  is  lost  altogether  under 
the  gabbro.  The  lithological  characters  also  change,  the 
nearer  the  gabbro  is  approached  the  more  crystalliDe  is  the 
nature  of  the  rock,  until  on  both  sides  of  Birch  lake  it  is  wholly 
crystalline.  Near  the  contact  with  the  gabbro,  augite  and 
olivine  occur  intimately  associated  with  the  actinolite  and  mag- 
netite of  the  Animikie  schists.  The  black  slates  have  been 
changed  to  a  quartz  biotite  schist  in  the  proximity  of  the 
gabbro. 

The  lithological  characters  of  the  actinolite  schists  may  be 
divided  into  two  divisions;  1st.  Those  which  are  constant 
throughout  the  whole  formation:  banded  structure,  due  to  the 
concentration  of  the  iron  oxides  along  lines  of  weakness,  leav- 
ing bands  of  lighter  material,  which  finally  makes  up  the  ferro- 
magnesian  minerals;  abundance  of  secondary  quartz;  concre- 
tionary structure  of  the  iron  oxides,  and  the  presence  of  actin- 
olite,  although  often  in  very  small  amounts.  These  character- 
istics agree  very  closely  with  those  given  by  Irving  and  Van 
Hise*  for  the  corresponding  formations  in  the  Penokee  series. 

•lOth  Ann.  Bep.  1).  9.  Oeol.  Surrey.  PP-  33ft-393. 
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The  second  diTision  of  the  lithological  characters  is  peculiar 
to  the  Mesabi  formation,  as  they  are  largely  due  to  the  effect 
of  the  gabbro  at  the  time  of  iutrusioo.  2d.  Those  characters 
which  vary:  mineralogical  composition  of  the  alternating 
bands.  In  the  western  part  of  the  area,  the  light  bands  are 
composed  of  an  unindividualized  greenish  substance,  and  the 
dark  bands  are  composed  of  magnetite  and  hematite  in  about 
equal  proportions,  "with  some  iron  carbonate.  Going  eastward 
the  rock  passes  through  consecutive  gradations  until  the  light 
bands  are  made  up  of  actinolite  with  local  variations,  where 
augite  and  olivine  occur,  and  in  the  dark  bands  the  hematite 
and  siderite  disappear,  leaving  only  the  magnetite.  Plagioclase 
has  been  noted  in  several  instances.  Biotite  results  from  the 
alteration  of  the  actinolite. 

The  Pewabic  quartzyte  at  the  bottom  of  the  Animikie 
decreases  in  thickness  as  Birch  lake  is  approached  from  the 
west,  and  in  the  vicinity  of  Iron  lake,  section  14,  T.  60-13,  it 
disappears  entirely.  From  this  locality  eastward  the  iron- 
bearing  rock  rests  upon  the  granite,  and  consequently  forms 
the  bottom  of  the  Animikie.  The  black  slates  also  disappear 
before  the  Dunka  river  is  reached.  They  were  removed  at  the 
time  of  the  gabbro  intrusion. 

The  outcrops  of  the  Animikie  below  and  inclosed  by  the 
gabbro,  between  Birch  lake  and  Akeley  lake,  have  the  same 
lithological  characters  and  composition  as  the  actinolite  schists 
at  Birch  lake.  These  scattered  outcrops  have  heretofore  Ijeen 
called  a  part  of  the  Pewabic  quartzyte,  but  for  reasons  given 
above  the  writer  considers  them  a  part  of  the  iron-bearing  strata 
of  the  Animikie*. 

IV.      THE  OABBRO. 

Considerable  time  was  spent  in  making  a  close  study  of  the 
gabbro  belt,  through  its  entire  width  in  Lake  county.  It  is  in- 
tended, on  account  of  lack  of  time  at  present,  to  mention  only 
a  few  of  the  localities  where  interesting  observations  were 
made. 

In  townships  62-10  and  11,  and  61-10  and  11,  an  area  about 
two  townships  in  extent,  of  a  dark,  heavy  and  bedded  olivine 
gabbro  was  found.  Within  this  area  are  numerous  knobs  of 
feldspar  rock  as  clear,  fresh  and  coarse  as  the  anorthosyte 
masses  found  near  the  lake  Superior  coasL    In  many  instances 

•Sorm.—'W.  B-  Bafley.Ia  tbe  NlDeteenth  ADD.Reiit..pp.iee.UO.  IndeBciiblngrooka 
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gkbbio  tormatloD. 


D,qit,zeabvG00»^lc 


170  TWESTY-SZCOSD  AMNCAI.  SEPOST 

the  feldspar  knobs  appear  like  water-worn  boalders  enclosed 
in  the  overlTing  olivine  gabbro.  On  Greenwood  lake  (T.  5^10) 
are  extensive  ontcrops  of  fresh  hypersthene  gabbroL  This  is 
cut  in  several  places  by  dikes  of  the  red  rock  which  forms 
Greenwood  monntain  sonth  of  the  lake.  A  point  of  importance 
in  studying  the  gabbro  is  that  the  gabbro  along  the  center  of 
the  formation  has  a  belt  in  which  are  numerons  knobs  and 
areas  a  mile  in  extent  composed  of  plagioclase  rock,  similar  to 
that  mentioned  above.  In  going  from  the  northern  and  soath- 
ern  limit  of  the  gabbro  toward  this  belt,  it  is  very  noticeable 
that  the  ferro-magnesian  minerals  decrease  and  the  feldspar 
increases  in  proportion.  The  rock  has  more  of  a  stratified  ap- 
pearance arising  from  the  arriuigement  of  the  constitaent  mtn- 
erals  in  bands.  This  separation  of  the  minerals,  when  carried 
to  extremes,  prodaces  the  large  aggregations  of  feldspar.  The 
coarseness  in  texture  is  affected  in  the  same  manner.  In  the 
gabbro  we  have  every  evidence  that  it  was  a  batholitio  intms- 
ion  rather  than  a  surface  flow.  The  mineral  and  chemical  com- 
position of  the  various  parts  of  the  formation  conform  to  all 
the  known  rules  which  govern  the  cooling  of  liquid  n 


V.      THE   BED   ROCK. 

Under  this  group  are  included  the  felsytes,  some  of  the  dia- 
bases, and  the  augite  syenite,  which  are  closely  associated  and 
form  a  prominent  group.  The  following  are  descriptions  of  all  ' 
the  outcrops  examined  by  the  writer,  within  the  boundary  of 
this  group,  a3  indicated  on  the  map  (Plate  V,  p.  150).  In  the  N. 
E.  i  of  the  S.  W.  i  sec,  8.  T.  57-7,  is  the  most  northern  outcrop 
of  the  dark  diabases  of  the  lake  Superior  coast.  One  half  of 
a  mile  northwest  of  this,  on  the  slope  of  a  high  ridge,  are 
numerous  angular  fragments  of  augite  syenite.  At  the  top  of 
the  slope,  rising  four  hundred  feet  in  three  fourths  of  a  mile,  is 
a  perpendicular  wall  of  0ery  red  augite  syenite  (225  E),  sim- 
ilar to  that  found  on  the  slope.  The  land  continues  at  about 
the  same  bight  north  from  here,  and  is  covered  with  swamps. 
The  rock  is  exposed  in  scattering  outcrops  and  is  the  same  as 
number  225E.  Microscopical  examination  shows  that  this 
rock  is  the  same  as  that  described  from  Eagle  mountain*.  Ko 
augite  was  found  in  the  section.  Chlorite  is  present  in  small 
flakes.  There  are  numerous  patches  of  a  yellow  decomposition 
product  which  is  easily  removed,  leaving  a  kind  of  porous 
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structure.  Quartz  has  thoroughly  saturated  the  rock,  and  some 
of  the  cavities  just  ineDtioned  are  partially  filled  with  quartz 
crystals,  showiug  the  progress  of  the  saturation.  The  only 
original  minerals  definitely  determined  are  orthoclase  and 
oligoclase.  ' 

Seven  miles  north  of  the  last  outcrop,  at  the  north  quar- 
ter post  of  sec.  31,  T.  59-7,  is  a  large  outcrop  of  felsyte 
porphyry,  172E,  The  weathered  surface  shows  fiowage  struc- 
ture on  a  large  scale,  173E.  Large  black  segregations  show 
the  peculiar  bent  and  contorted  condition  noticed  in  the  felsytes 
near  lake  Superior.  In  the  N.  W.  i  of  N.  W.  i  sec.  31,  T.  59-7, 
are  numerous  angular  fragments  of  laminated  felsyte,  174E. 
This  rock  was  not  seen  in  place,  but  occurs  in  the  outcrop  one- 
half  a  mile  east  of  here. 

The  next  outcrop  north  of  here  is  in  the  N.  W.  i  of  sec.  36, 
T.  60-8.  In  the  valley  at  this  place  is  an  exposure,  of  black 
fine  grained  diabase  nearly  one  half  of  a  mile  wide.  The  rock 
has  a  basaltic  structure  and  in  many  places  it  is  crossed  by  fine 
veins  of  quartz,  171E.  Under  the  microscope  the  section  shows 
long  lath-shaped  plagioclase,  augite  and  magaetite.  All  of 
these  are  considerably  altered.  In  portions  of  the  section  are 
porphyritic  crystals  of  plagioclase.  This  rock  is  similar  to  the 
diabase  cutting  the  felsytes  north  of  lake  Superior.  It  waa  not 
found  in  connection  with  the  felsyte  and  augite  syenite  in  this 
locality,  but  since  in  other  localities  it  is  always  associated  with 
these  rocks  it  is  safe  to  assume  that  it  marks  the  northern  edge 
of  the  red  rock  group  in  T.  60-8. 

On  Greenwood  lake  the  gahbro  is  cut  by  dikes  of  augite 
syenite  varying  in  width  from  one  inch  to  two  feet,  160E.  This 
is  the  same  as  the  rock  which  occurs  in  extensive  outcrops 
south  of  the  lake.  Greenwood  mountain  is  a  mass  of  fiery  red 
augite  syenite,  165E  and  186B.  The  rock  is  of  medium  texture, 
consisting  mainly  of  feldspar  and  quartz.  In  ordinary  light  a 
section  of  this  rock  shows  a  red  stained  field  completely  riddled 
by  secondary  quartz.  The  quartz  is  wholly  secondary  and  in 
many  cases  assumes  a  graphic  form.  The  feldspar  is  mostly 
orthoclase  with  some  oligoclase.  These  minerals  have  been 
corroded,  broken  up  and  replaced  by  infiltrating  quartz.  All 
of  the  quartz  grains  in  any  feldspar  crystal  are  similarly 
oriented  and  in  no  case  do  those  in  adjacent  feldspars  possess 
the  same  orientation. 

In  the  S.  E.  i  of  S.  E.  i  sec.  1,  T.  57-11,  on  the  north  side  of 
the  low  ridge,  are  several  ontorops  of  felsyte  porphyry,  184E. 
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In  microscopical  characters  it  is  similar  to  the  following.  Near 
the  Beaver  Bay  trail  in  the  S.  E.  i  sec.  33,  T.  58-10,  on  the 
soath  side  of  the  broad  ridge,  are  extensive  exposnres  of 
felsyte,  181E.  "Large  surfaces  ten  to  twenty-five  feet'  sqoare 
show  flaidal  structure  on  a  large  scale.  Pale  pinkish,  light 
green  and  black  felsytes  are  twisted  together  in  various  forms 
and  assnme  a  banded  structure.  The  contrast  between  the 
colors  is  very  strong.  Under  the  microscope  it  is  apparent 
that  this  rock  is  a  felsyte  with  a  quartz  saturated  base."*.  The 
base  is  microcrystalline  and  of  a  red  to  purple  color;  the  alter- 
nation of  the  lighter  and  darker  portions  gives  a  wavy  band- 
ing to  the  rock.    Red  porphyritic  feldspars  are  numerous. 

A  mile  southwest  of  this  outcrop  and  on  the  south  side  of 
the  swamp  which  covers  the  region  between  the  two,  is  an  out- 
crop of  felsyte  porphyry,  182E.  N.  W.  i  sec.  3,  T.  57-10.  Mi- 
croscopical examination  shows  numerous  orlhoclase  pheno- 
cryts  embedded  in  a  red  to  black  aphanitic  groundmass.  The 
feldspar  is  somewhat  altered  to  kaolin  and  shows  shattering 
before  the  solidification  of  the  base.  The  felsyte  is  cut  by  a 
fine  grained  diabase  dike  fifty  feet  wide,  183E.  This  is  the 
same  as  the  rock  found  in  sec.  86,  T.  60-8.  South  of  these 
outerops  no  others  were  observed,  until  in  the  S.  W,  i  N.  W.  J 
sec.  4,  T.  56-9,  where  the  diabase  of  the  lake  Superior  coast 
is  found. 

During  the  spring  of  1892  Mr.  C.  L.  Chase  of  Hastings,  Minn., 
while  surveying  townships  56-9,  10  and  11,  collected  spechnens 
from  all  of  the  rock  outorops  upon  the  section  lines  in  these 
townships.  These  specimens  are  registered  in  the  general 
museum  list  and  are  briefly  described  as  follows: 

8026.  Diabase  from  the  S.  E.  ^  S.  E.  i  sec.  4,  T.  56-9.  This 
is  from  the  same  outorop  from  which  215E  was  taken. 

8027.  Anorthosyte.  1,500  paces  north  of  S.  E.  comer  sec. 
5,  T.  56-11.    This  is  north  of  the  red  rock  belt 

8028.  Diabase.  25  chains  west  of  S.  E.  comer  sec.  2,  T. 
56-11.     This  belongs  to  the  diabases  south  of  the  red  rock. 

8029.  Felsyte  porphyry,  S.  W.  i  S.  W.  i  sec.  15,  T.  56-11. 
In  the  N.  E.  i  of  N.  B.  i  sec.  4,  T.  56-11,  is  a  ledge  of  dark 

diabase,  thirty  feet  high,  facing  northward  and  sloping 
toward  the  south,  No.  8032.  A  short  distance  north  of  here  on 
the  north  side  of  a  small  stream  is  a  low  east  and  west  out- 
crop of  gabbro.  No.  8031.  A  dike  of  felsyte  porphyry  cuts  the 
gabbro.  No.  8033.      Farther  than  this  the  relations  of  these 


•Irving,  op.  clt    DesOTlptlon  and  lUuatrHtlon,  p.  3B. 


i:^,q,t,7edbvG00»^lc 


STATE  OEOLOOIST.  173 

rocks  were  not  determioed.  The  dark  diabase  is  the  sama  as 
that  which  was  found  cutting  the  felsyte  in  localities  described 
above- 

Od  the  range  line  near  the  northwest  comer  of  sec.  19,  T. 
55-11,  Mr.  A.  D.  Meeds  found  gabbro  and  felsyte  porphyry  in 
contact  From  this  exposure  the  relations  of  the  rocks  could 
not  be  determined.  The  region  generally  is  covered  with  drift 
and  swamp,  which  conceal  all  outcrops.  One  half  a  mile 
sonth  of  the  last  outcrop  the  felsyte  again  occurs.  This  prob- 
ably represents  the  southern  limit  of  the  red  rock  belt  in  this 
locality.  T^he  specimens  collected  show  red  porphyritic  feld- 
spars embedded  in  a  dark  aphanitic  groundmass.  The  gabbro 
is  the  coarse  black  phase  of  the  great  gabbro  formation. 

The  bedded  red  rock  surface  flows  of  the  lake  Superior 
coast  are  traced  by  almost  continuous  outcrops  into  the  great 
body  of  the  red  rock.  The  amygdaloidal  and  compact  dia- 
bases cover  the  so-called  fine  grained  gabbros  or  diabases 
south  of  the  red  rock  group. 

The  varying  composition  of  this  group  has' been  noted  by 
other  writers.  Irving*  says:  "These  three  varieties  of  red  rock 
[same  as  described  above]  thus  described  as  occurring  at  Du- 
luth.  are  evidently  but  different  phases  of  the  same  rock,  and 
without  much  doubt  connected  with  each  other  in  the  mass, 
though  this  was  not  proved  in  the  field."  Although  recogniz- 
ing the  fact  that  tbe  different  varieties  of  this  group  were  found 
cutting  all  of  the  subdivisions,  Irving  places  them  in  the  differ- 
ent groups  somewhat  arbitrarily. 

To  the  writer  it  seems  that  the  Keweenawan  on  the  north 
shore  of  lake  Superior  can  be  divided  most  satisfactorily  into 
three  large  groups,  with  a  possible  smaller  group,  which  in 
chronological  order  may  be  called  the  gabbro,  diabase,  red  rock 
and  the  later  dikes  along  the  shore. 

YI.      THG  DIABASES. 

Under  this  group  are  included  the  fine  grained  dark  gabbros 
so  called,  and  the  diabases  forming  Irving's  different  groups 
of  the  Keweenawan  above  the  basal  gabbro.  Placing  the  amyg- 
daloidal diabases  and  their  related  rocks  in  tJieir  proper  posi- 
tion, i.  e. ,  into  one  large  group,  it  is  evident  that  the  grouping 
of  Irving  must  be  readjusted.  As  a  whole,  this  group  is  made 
up  of  a  diabase  porphyrytel  which  surrounds  the  anorthosytes. 

•Copper  Be»rli4  Bocks,  p.  !Wa. 
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latheregioQ  back  of  the  lake  shore  it  is  impossible  to  sub- 
divide the  rocks  into  the  different  groups  of  Irving.  The 
Uthological  characters  vary  but  little  over  large  areas  and 
would  tend  to  show  the  unity  of  these  groups  rather  than 
numerous  subdivisions.  The  continuity  of  the  rock  outcrops 
in  a  measure  serves  to  strengthen  this  view.  This  is  the  rock 
which  transported  the  anorthosyte  to  its  present  position  and 
represents  the  effusive  portion  of  the  magma,  out  of  which  the 
basal  gabbro  first  cooled. 

VH.      THE  ANORTHOSYTES   OF  THE   MINNESOTA   SHORE   OF 
LAKE  SUPERIOR.* 

These  rocks  are  discussed  in  detail  by  Dr.  A.  C.  Lawson.f 
The  first  part  of  that  paper  takes  up  the  petrographical  char- 
acters. In  the  second  part  the  distribution  and  mode  of  occur- 
rence of  the  anorthosytes  are  discussed.  These  rocks  were 
observed  between  Carlton  peak  and  Encampment  island,  a 
distance  of  forty-six  miles,  and  extend  an  unknown  distance 
inland.  The  occurrence  and  character  is  described  at  the  fol- 
lowing points  on  the  lake  Superior  coast:  Encampment  island. 
Split  Rock  point,  Beaver  Bay,  shore  below  Beaver  Bay,  Bap- 
tism river,  slope  of  Sawteeth  mountains,  Carlton  peak. 

In  discussing  the  geological  relations  of  the  anorthosyte,  it 
Is  considered  as  a  pre-Eeweenawan  terrane  for  the  following 
reasons:  It  is  traversed  by  dikes,  both  acid  and  basic,  of  the 
Keweenaw&n  eruptives;  the  Keweenawan  lavas  hold  imbedded 
in  them  innumerable  boulders  and  blocks  of  anorthosyte  evi- 
dently detached  from  a  pre-existing  terrane;  the  anorthosyte 
forms  the  surface  upon  which  the  Keweenawan  lavas  now  rest 
and  upon  which  they  were  originally  extravasated;  the  anortho- 
syte affords  both  by  its  petrographical  characters  and  by  the 
nature  of  its  surface  the  most  satisfactory  evidence  of  profound 
erosion  prior  to  the  extravasation  of  the  Keweenawan  erup- 
tives. A  great  interval  must  have  elapsed  during  this  erosion, 
and  the  recognition  of  a  pre- Keweenawan  terrane  involves  cer- 
tain consequences  of  geological  importance.  One  of  these  is 
the  absence  of  the  Animikie  in  the  region  of  study;  another  is 
the  correction  of  Irving's  estimate  of  the  thickness  of  the 
Keweenawan.  Instead  of  20,000  feet  in  thickness,  this  is 
placed  at  barely  2,000  feet.     The  •anorthosytes  are  plutonic 
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eruptives,  invading:  the  Archean  and  yet  long  anterior  to  the 
Animikie.  Carltonian  is  suggested  as  a  local  name  for  the 
formation. 

In  View  of  these  conflicting  opinions,  the  writer  was  in- 
structed to  make  a  detailed  examination  of  the  field  relations 
of  the  anorthosytes  and  the  associated  roclis.  While  engaged 
in  this  work  all  of  the  localities,  except  Carlton  peak,  men- 
tioned in  Bulletin  No.  8,  as  well  as  all  the  outcrops  existing 
farther  inland,  were  examined.  The  following  notes  bear 
chiefly  upon  the  areas  of  the  anorthosyte  existing  farther  in- 
land, and  not  described  before.  These  pbservatlons  confirm 
the  views  of  N.  H.  Winchell,  Irving,  and  others,  in  that  they 
considered  the  anorthosyte  masses  as  detached  blocks  inclosed 
in  later  trap  rocks. 

The  geological  relations  of  the  inland  anorthosyte  areas  are 
much  clearer  than  of  those  at  the  lake  shore,  and,  as  will  be 
found  in  the  following  pages,  susceptible  of  only  one  interpre- 
tation, and  the  former  masses  have  the  same  surroundings  as  ' 
those  of  the  latter.  Excluding  the  opinions  of  previous  writers 
and  interpreting  the  common  facts  of  a  part  of  the  formation 
by  the  facts  common  to  the  whole,  an  explanation  totally  dif- 
ferent from  that  of  Dr.  Lawson  must  be  assigned  to  the  anor- 
thosyte. 

In  the  S.  W.  J  of  sec.  10,  T.  55-8,  at  the  top  of  the  northward 
facing  blutf,  600  feet  abo\-e  the  lake,  are  large  masses  of  anor- 
thosyte embedded  in  the  black  gabbro  of  the  region.  The 
black  rock  here  forms  a  perpendicular  wall  one  hundred  feet 
high.  The  anorthosyte  occurs  only  at  the  top  of  the  ridge;  it 
is  surrounded  and  cut  by  the  diabase.  The  contact  between 
the  two  rocks  is  somewhat  irregular  and  the  anorthosyte  has 
the  appearance  of  large  irregular  masses,  rather  than  that  of 
a  water-worn  boulder  or  hilltop.  Many  of  the  large  blocks 
have  been  separated  from  the  enclosing  rock  and  also  broken 
in  to  smaller  blocks,  mainly  through  the  action  of  recent  ice  in 
the  cracks,  and  finally  have  fallen  over  the  bluff.  One  block 
fifteen  feet  in  diameter  has  been  lifted  partly  out  of  its  bed  of 
diabase,  leaving  an  irregular  hasiu  several  feet  deep,  which 
was  nearly  full  of  water  at  the  time.  On  the  south  slope  of  the 
same  ridge  in  the  S.  E.  ^  of  sec.  10,  are  several  large  masses  of 
anorthosyte.  These  appeared  as  though  they  had  been  rolled 
do  wn  from  the  top  of  the  ridge. 

Both  of  the  above  occurrences  are  on  the  western  extension 
of  the  range  which  has  been  mentioned  in  the  following:  "Be- 
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tween  Beaver  Bay  and  the  Great  Palisades  are  numeroas  feld- 
spar masses,  in  the  coast  series,  and  inland  from  the  shore  a 
very  short  distance  is  a  range  of  low  hills  made  up  of  feld- 
spar, with  traprock  od  the  flanks."*  The  Beaver  ilver  breaks 
through  this  range  and  precipitous  bluffs  of  black  olivine  gab- 
bro  along  both  sides  of  the  stream  plainly  show  that  this  is 
the  only  rock  forming  the  range  at  this  place.  Masses  of  an- 
orthosyte  of  all  sizes  occur  enclosed  in  the  black  rock.  The 
flows  of  felsyte  cover  the  gabbro  and  the  anorthosyte.  In  the 
east  i  of  sec.  1,  T.  55-8,  on  the  summit  and  the  sonth  slope  of 
the  ridge  are  several  large  masses  of  anorthosyte.  The  south- 
ern slope  of  the  ridge  is  heavily  wooded  and  the  rock  outcrops 
are  for  the  greater  part  concealed.  In  ascending  the  ridge 
from  the  lake  shore  nearly  to  the  top  the  oceaaional  outcrops 
are  black  gabbro  or  diabase.  The  anorthorsyte  at  the  top  is 
cut  and  surrounded  in  numerous  places  by  the  black  gabbro. 

Toward  the  nortii,  the  ridge  breaks  off  abruptly  in  precipices 
twenty-five  to  fifty  feet  high.  The  rock  is  alwt^s  the  black 
gabbro  which  continues  in  extensive  outcrops  north  of  here. 
In  the  N.  E.  i  of  N.  W.  i  of  sec.  12,  T.  55-8.  large  irregular 
masses  of  anorthosyte  are  enclosed  ia  the  black  gabbro,  which 
forms  a  perpendicular  wall  fifty  to  a  hundred  feet  high  run- 
ning at  right  angles  to  the  trend  of  the  ridge.  The  black 
rock  was  traced  northwestward  into  the  valley  north  of  the 
ridge.  This  plainly  shows  that  the  mass  of  the  ridge  is  made 
up  of  this  rock,  and  that  the  anorthosyte  here  simply  forms  a 
mass,  capping  the  black  gabbro.  Gioing  east  on  the  "  old 
county  road"  the  ridge  just  mentioned  is  crossed,  and  for  several 
miles  the  road  runs  along  the  base  of  a  northward  facing 
precipice  of  black  gabbro,  which  forms  the  northern  side  of 
the  ridge. 

There  are  several  breaks  in  the  ridge  where  good  cross 
sections  were  obtained,  viz.,  along  the  creeks  in  section  81,  T. 
56-7,  sections  19  and  20,  sections  17  and  16,  and  along  the  Bap  - 
tism  river  in  sections  4,  10  and  15.  Along  these  sections  are 
continuous  outcrops  of  black  gabbro  having  in  some  places  a 
coarsely  bedded  appearance,  but  usually  massive.  Anortho- 
syte masses  occur  frequently  at  the  top  and  on  the  south  slope 
of  the  ridge.  A  number  of  these  have  fallen  over  the  bluS 
into  the  valley  on  the  north.  In  the  S.  E.  J  of  sec.  8,  T.  56-7, 
the  anorthosyte  masses  are  as  large  as  fifty  to  one  one  hnn- 

•N.  H.  WlDctaall,  »th  Add.  Rept..  p.  34. 1880. 
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dred  feet  tihick  and  three  to  five  handred  feet  wide,  in  one  case 
covering  the  surface  for  an  eighth  of  a^mile.  The  black  gab- 
bro  cnts  these  masses,  and  forms  the  base  of  the  ridge. 

In  the  N.  E.  i  of  S.  E.  i  of  sec.  27  and  the  N.  W.  i  of  S.  W.  i 
of  sec.  26,  T.  56-8,  is  an  oblong  ridge,  one  fourth  of  a  mile  long 
and  one  eighth  of  a  mile  wide  at  the  the  top  aad  three  handred 
feet  above  the  surrounding  country  and  six  hundred  feet  above 
lEkke  Superior.  The  upper  half  of  this  elevation  is  composed 
of  anorthosyte  resting  upon  a  base  of  the  black  gabbro  of  the 
region,  dikes  of  which  cut  the  anorthosyte-,  which  here  is  found 
to  vary  in  mineral  composition  considerably  more  than  in  other 
localities.  It  is  not  a  pure  feldspar  rock.  A  large  part  of  the  rock 
contains  numerous  dark  areas  of  the  ferro-magnesian  minerals. 
The  whole  rock  has  the  composition  of  the  normal  gabbro. 
Specimens  186a  to  g  represent  the  different  phases  of  the  rock. 

One  half  a  mile  northwest  of  this  locality,  in  the  S.  E.  i  of  N. 
E.  i  sec.  27,  is  Schaff's  hill.  The  greater  part  of  this  hill  is 
composed  of  dark  diabase,  which  forms  perpendicular  walls  on 
all  sides  of  the  hill  and  makes  the  ascent  to  the  top  very  difiB  - 
cult.  On  top  of  the  hill  and  near  the  southwestern  edge  is  a 
mass  of  anorthoryte  about  five  hundred  feet  square.  This  is 
the  same  pure  feldspar  rock  which  occurs  at  Beaver  Bay.  This 
outcrop,  six  hundred  and  twenty  feet  above  and  four  miles 
from  lake  Superior,  is  the  most  distant  outcrop  of  this  rock 
from  the  lake.  Other  occurrences  are  in  the  N.  E.  i  of  S.  E. 
i  sec.  26,  and  the  S.  W.  i  sec.  25,  T.  56  6.  At  both  of  these 
localities  there  is  no  doubt  that  they  are  enclosed  masses.  In 
the  latter  place  an  irregular  mass  of  anorthosyte  seventy  feet 
in  diameter  has  been  broken  off  from  the  neighboring  diabase 
wall  and  lies  near  its  original  place  in  a  tilted  position. 

After  these  occurrences  of  the  anorthosyte  were  examined 
the  most  important  exposures  at  Beaver  Bay  on  the  lake  shore 
were  again  examined.  All  of  these  outcrops  hold  the  same  re- 
lation to  the  diabases  and  gabbros  of  this  region  as  that  held 
by  the  outcrops  farther  inland. 

The  occurrence  at  the  cove  below  Split  Rock  point  is  of  im- 
portance, and  there  exists  a  difference  of  opinion  concern- 
ing it.  All  geologists  agree  that  the  smaller  masses  of  anor- 
thosyte are  fragments  included  In  the  diabase.  Various  views 
have  been  expressed  concerning  the  large  masses.*  The  lim- 
ited extent  and  the  relations  of  the  anorthosyte  are  apparently 
the  same  as  observed  elsewhere.  In  this  locality  the  relations 
*BDlletiD  No.  B.,  pp.  11-14. 


;vGoo»^lc 


178  TWENTY-SECOND  ANNUAL  REPOKT 

of  the  different  rocks  are  somewhat  icdistinct.  Viewed  in  the 
light  of  the  other  occurrences  of  even  greater  extent,  whose 
geological  relations  are  undoubted,  it  is  safe  to  place  the  rocks 
in  this  locality  in  the  same  position.  The  hypothetical  section 
of  the  rocks  at  Split  Rock  point,  given  in  Bulletin  number  8, 
p.  12,  in  no  way  represents  the  relations  of  the  anorthot^yte  to 
the  later  rock,  as  understood  by  the  writer. 

The  mineralogical  composition  is  not  as  constant  as  is 
stated  in  Bulletin  No.  8.  Attention  has  been  called  to  this 
fact  by  Prof.  Winchell*  in  the  following  note:  "That  some  of 
the  masses  were  not  of  pare  feldspar  rock,  bat  contained  in  the 
usual  proportions,  the  minerals  augit«  and  magnetite.  "  *  * 
Thin  sections  have  revealed  in  the  feldspar  boulders,  however 
pure  they  may  appear  to  the  eye,  small  quantities  of  Augite, 
and  from  these  minute  quantities  there  are  all  gradations  to 
typically  constituted  gabbro."  These  statements  the  writer, 
after  his  extended  observations,  is  able  to  confirm. 

In  addition  to  the  above,  attention  may  be  called  to  the  fact 
that  in  the  majority  of  cases  the  original  ferro-magnesian 
mineral  has  been  altered  to  chlorite,  often  forming  a  pseudo- 
amygdaloidal  structure.  188/  in  thin  section  shows  this  char- 
acter. The  most  typical  outcrop  of  the  anorlhosyte  is  the 
ridge  in  the  S.  E.  i  sec.  27.  T.  56-8.  In  this  large  mass  all 
variations  and  gradations  described  from  different  isolated  lo- 
caliiies  are  readily  seen.  Specimens  188a  to  g  from  this  ridge 
represent  all  the  varieties,  and  may  be  taken  as  a  typtical  set 
of  the  anorthosyte  of  the  lake  Superior  coast. 

Sufficient  evidence  has  been  presented  to  show  that  the 
anorthosyte  occurs  only  as  included  masses  in  the  diabases  and 
that  it  does  not  represent  a  pre-Keweenawan  terrane  existing 
in  situ  beneath  the  diabase.  Conclusions  based  upon  this  as- 
sumption have  therefore  no  value. 

The  petrographical  chariicters  are  the  same  as  those  of  the 
central  part  of  the  gabbro  formation.  Considering  the  gabbro 
as  the  intrusive  and  the  diabases  as  the  effusive  portions  of  the 
same  magma,  it  is  easily  seen  that  while  the  upper  portion  of 
the  magma  was  solidified  as  the  gabbro,  in  the  interior  of  the 
mass  large  masses  or  aggregations  of  feldspar  were  separated. 
These  solid  masses  floating  around  in  the  liquid  magma  were 
ejected  with  it  and,  being  considerably  lighter  than  the  sur- 
rounding molten  mass,  floated  near  the  surface  and  are  there- 
fore at  present  only  found  near  the  top  of  the  first  outburst  of 
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diabase.  Later,  when  some  of  this  diabase  was  eroded,  the 
feldspar  knobs  projected  above  the  surrouadiug  rocks  and  at 
the  time  of  the  later  lava  flows  were  covered  up  by  the  felsytes 
and  other  rocks  of  the  red  rock  group.  This  explains  the  ori- 
gin and  present  position  as  well  as  the  domed  and  hnmmocky 
characters  of  the  anorthosyte. 

VIH.      SUMMARY. 

In  the  preceding  pages  the  writer  has  attempted  to  show 
several  points  of  interest  to  those  who  are  working  in  the  geol- 
ogy of  the  pre-Cambrian  rocks.  A  brief  review  of  the  more 
important  points  advanced  will  not  be  out  of  place. 

Snowbank  lake  area.  The  structure  and  some  of  the  charac- 
ters of  the  rocks  north  and  west  of  the  lake  are  given.  The 
quartz  porphyry,  so  common  in  the  Keewatin,  here  has  an  un- 
usually extensive  developement.  An  augite  granite  is  de- 
scribed, with  an  explanation  of  the  local  occurrence  of  augite 
granites'  in  Minnesota.  Additional  evidence  Is  given  showing 
the  derivacion  of  the  mica  and  hornblende  schists  from  the 
Keewatin. 

ActiTwlite  magnetite  achista  from  the  eastern  Mesabi.  Descrip- 
tion of  the  schists  and  their  geological  associates  is  given, 
showing  their  derivation  from  a  rock  containing  an  original 
iron  cariionate.  These  schists  were  greatly  affected  by  the 
gabbro.  The  recognition  of  the  true  character  of  these  schists 
will  establish  an  important  analogical  link  between  the  Mesabi 
and  the  Penokee  series.  It  is' also  shown  that  the  so-called 
Pewabic  quartzyte  between  Birch  lake  and  Gunflint  lake  be- 
longs to  the  middle  member  (iron-bearing)  of  the  Animilde. 

The  gabbro.  Several  observations  in  the  hitherto  unexplored 
regions  are  recorded.  Attention  is  called  to  the  varying  min- 
eraiogical  phases  of  the  gabbro  showing  that  it  is  to  be  consid- 
ered as  an  intrusive  rather  than  an  effusive. 

The  red  rock.  Augite  syenite,  quartz  porphyry,  felsyte,  etc., 
are  described  from  the  vicinity  of  Greenwood  lake.  These 
rocks  were  traced  into  similar  rocks  on  the  shore  of  lake 
Superior.  It  is  shown  that  nearly  all  of  the  red  rock  forms  one 
prominent  group.  The  Keweenawan  rocks  north  of  lake  Super- 
ior are  divided  into  the  gabbro,  diabase,  red  rock  and  the  later 
dike  groups. 

The  diabases.  Under  this  group  are  included  the  fine  grained 
gabbros  and  diabases  immediately  south  of  the  main  body  of 
the  red  rock  group.     It  is  also  suggested  that  the  subdivisions 
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of  the  Keweenavran  of  Minnesota  into  the  minor  groups  of 
Irving  is  impossible.  The  diabases  are  considered  as  the 
effusive  equivalent  of  the  gabbro. 

The  anorthoByte.  Evidence  is  produced  showing  that  the 
anorthodyte  occurs  only  as  included  masses  in  the  diaboMs.  In 
mineralogical  composition  it  is  the  same  as  the  gabbro  of  which 
it  was  originally  a  part-  The  anorthosyte  occurs  near  the  top 
of  the  first  outflow  of  the  diabase  group  and  afterwards  it  was 
also  covered  by  the  felsyte  and  diabase  of  the  red  rock  group. 
The  conclusions  based  upon  the  supposition  of  Lawson  thftt 
the  anorthosyte  formed  a  pre-Keweenawan  terrane  are  thus- 
rendered  valueless. 
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LI8T  OF  ROCK  SAMPLES  COLLECTED  IN  1893 


By  A.  H.  Elftman. 
The  greater  part  of  these  specimens  have  been  examined  iii 
thin  section.  The  term  "anorthosyte"  is  used  to  designate  the 
pure  feldspar  rocks  of  the  Keweenawan.  These  specimens  are 
marked  with  white  shellac  figures  with  the  letter  E  after  the 
number. 

1.  Dioryte  inclusion  in  granite.     S.  W.  J  N.  W.  J  sec.  1,  T. 
62-12. 

2.  Schistose  inclusion  in  granite.     Same  locality. 

3.  Contact  of  hornblende  schist  and  granite.  Same  locality. 

4.  Porous  condition  of  schists.     Same  locality. 

5.  Diabase  dike.     S.  W.  J  3-  E.  i  sec.  24,  T.  «2-12. 

6.  Granite  near  the  preceding. 

7.  Lenticular  hornblende  mass  in  granite.      N.  E.  ^  S.  E.  ^ 
sec.  25,  T.  62-12. 

B.     Quartz  dioryte  inclusion  in  granite.    4  specimens.    N.  W. 
i  N.  E  i  sec.  7,  T.  62-11. 
9.    Oranite.     Same  locality. 
lOA.     Gneiss.     Inclusions  in  granite.     S.  E.  J  N.  W.  ^  sec.  7, 

T.  62-11. 
lOB.     Ck>ntact     Same  locality. 

11.  Quartz  dioryte  inclusion  in  granite.     S.  E,  ^  S.  E.  ^  sec. 

12,  T.  62-12. 

12.  Diabase  dike.    Same  locality. 

13.  Dioryte.    Same  locality. 

14.  Pine  grained  granite.       S.  E.  i  N.  E.  i  sec.  13,  T.  62-12. 

15.  Ck>arse  granite.     Same  locality. 

16.  Schistose  dioryte.    N.  E.  i  N.  E.  i  sec.  13,  T.  62-12. 

17.  Hornblende  inclusion  in  granite.      From  the  point    on 

White  Iron  lake  in  S.  W.  i  S.  W.  i  sec.  12.  T.  62-12. 

18.  Hornblende  schist.     Same  locality. 

19.  Dioryte.    Same  locality. 


D,qit,zeabvG00»^lc 


182,  TWENTY-SECOND  ANNUAL  EBPORT 

20.  Quartz.      200  paces  north  of  S.  E.  corner  sec.  11,  T.  62-12. 

21.  Granite.     Same  locality. 

22.  Ma^etite  vein  cutting  graaite.     Same  locality. 

23.  Magnetite.     Same  locality. 

24.  Light  red  granite.     N.  E.  ^  N.  E.  J  eec  14,  T.  62-12. 

25.  Dark  red  granite,     Same  locality. 

26.  Weathered  granite.     Same  locality. 

27.  Mica  schist.     S.  W.  i  N.  E.  J  sec.  8S  T.  63-11. 

28.  Schist.     N.  B.  1  N.  "W.  J  sec  2.  T.  62-11. 

29.  Mica  schist.     Same  locality. 

80.  Concretionary  greenstone.       N.  E.  i  N.  E.  J  sec.  17,  T. 
63-9. 

31.  Diabase.     Same  locality. 

32.  Schistose  diabase.     Same  locality. 

38.  Diabase  dikes,     a.  Coarse,  b.  fine  grained.      N.  W.  i  N. 

E.  i  sec.  17,  T.  63-9. 

31.  Talc  schist.     N.  W.  i  N.  E.  i  sec.  17.  T.  63-9. 

35.  Jasper.     8.  W.  i  S.  W.  i  sec.  1.  T.  63-10. 

36.  Schistose  diabase.       One  foot  from  contact  with  jasper. 

Same  locality. 

37.  Diabase.     Twenty  feet  from  contact.     Same  locality. 

38.  Diabase.     Forty  feet  from  contact.     Same  locality. 

39.  Dioryte,     S.  W.  i  N.  W.  i  sec.  31.  T.  64-9. 

■10.  Hornblende  porphyry.     S.  W.  i  S.  W.  4^  see.  1,  T.  63-10. 

41.  Schistose  greenstone.     Sdme  locality. 

42.  Concretions  in  greenstone.     Same  locality. 

43.  Hornblende  porphyry.     N.  E.  i  S.  B.  i  sec.  31,  T.  63-9. 

44.  Conglomerate.     N.  W.  iS.  E.  i  sec.  31,  T.  68-9. 

45.  Quartzless   porphyry   pebble   in   conglomerate.       Same 

locality. 

46.  Laminated  diabase.    N.  E.  i  S.  W.  J  sec.  31,  T.  64-9. 

47.  Matrix  of  conglomerate.     Same  locality. 

48.  Dioryte.     Same  locality. 

49.  A  to  E.      Quartz  porphyry.      S.  Wt  i  S.  E.  i  sec.  31,  T. 

64-9. 

49.  F  and  G.     Weathered  surface  of  the  preceding. 

50.  Diabase.     Same  locality. 

51.  Contact  of  diabase  and  quartz  porphyry.    Same  locality. 

52.  Jasper.     N.  W.  i  S.  W.  i  sec.  32,  T.  64-9. 

53.  Hornblende  porphyry.     Same  locality. 

54.  Coarse  dioryte.     N.  E.  i  S.  W.  i  sec.  32,  T.  64-9. 

55  QuartzlesB  porphyry.     S.  E.  i  N.  W.  i  sec.  26,  T.  64-9. 

56.  Granite  cutting  porphyry.     Same  locality. 
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57.  Quartzless  porphyry.    Same  locality. 

58.  Ck>ntact  of  schist  aod  porphyry. 

B9.  Qaartales3  porphyry.     N.  E.  J  N.  W.  i  sec.  26.  T.  64-9. 

60.  Quartz  porphyry.     N.  E.  J  S.  W.  i  sec.  23.  T.  64-9. 

61.  Quartzless  porphyry.     3.  E.  J  8.  W.  i  sec.  28.  T.  64-fl. 

62.  Hornblende  schist.     N.  W.  i  8.  E.  J  sec.  28.  T.  64-9. 

63.  ArgiUytB.     S.  W.  i  8.  E,  i  sec.  34,  T.  64-9. 

64.  Gabbro.     N.  B.  i  8.  W.  i  sec.  4,  T,  63-8. 

65.  Gabbro.  (Ironorenearbottomof  thebeds).  Same  locality. 

66.  Gabbro.  (Iron  ore  near  the  top).     Same  locality. 

67.  Fine  graiaed  gabbro  in  the  ore  bed.    Same  locality. 

68.  Keewatin  schist  inclosed  in  gabbro.    Same  locality. 

69.  Coarse  weathered  gabbro.     Same  locality. 

70.  Coarse  gabbro.     S.  E.  i  S.  W.  J  sec.  4,  T.  63-8. 

71.  Gabbro,  largely  plagioclase.     8ame  locality. 
72A.     Olivine  gabbro.     S.  W.  i  S.  W.  i  sec.  4,  T.  63-8. 
72B.     Bedded  olivine  gabbro.     Same  locality.     . 

73.  Contact  of  olivine  and  coarse  gabbro.     Same  locality. 

74.  Diabase.    N.  W.  i  S.  W.  i  sec.  34,  T.  64-8. 

75.  Iron  ore.    N.  E.  J  8.  W.  J  sec.  4,  T.  63-S. 

76.  Anorthosyte.     N.  W.  J  N.  B.  i  sec.  24,  T.  63-9. 

77.  Feldspar  from  No.  76.     Same  locality. 

76.  Specimens  showing  weathering  of  the  gabbro. 

79.  Diabasic  anorthosyte.  8.  E.  i  N.  W.  i  sec.  24,  T.  63-9. 

80.  Shows  large  plagioclase  crystal  in  No.  79. 

81.  Olivine  gabbro.     N.  W.  i  S.  W.  i  sec.  20,  T.  63-8. 

82.  Coarse  olivine  gabbro.    Same  locality. 
88.  Transition  of  Nos.  81  and  82. 

64.  Olivine  gabbro.    Same  locality. 

85.  Olivine  gabbro.     N.  W.  i  8.  E.  J  sec.  1,  T.  62-9. 

86.  Intermediate  between  Nos.  85  and  87. 

87.  Olivine  gabbro.     N.  E.  i  S.  W.  i  sec,  1,  T.  62-9. 

88.  Granite  dike.     S.  E.  i  S.  W.  J  sec.  1,  T.  62-9. 

89.  Anorthosyte.     S.  E.  J  8.  W.  J  sec.  1.  T.  62-9. 

90.  Plagioclase  crystals.     N.  W.  i  of  N.  W.  i  sec.  13,  T.  63-8. 

91.  Plagioclase  and  diaUaga    Same  locality. 

92.  Diallage.     Same  locality. 

93.  Olivine  gabbro.     S.  E.  corner  sec.  1,  T.  62-9. 

94.  Anorthosyte.    N.  W.  i  N.  E.  i  sec.  12,  T.  62-9, 

95.  Olivine  gabbro.     N.  W.  ^  S,  W.  i  sea  t',  T,  62-8. 

96.  Diallage.     8.  W.  i  N.  E.  i  sec,  2,  T.  62-9. 

97.  Gabbro.     N.  W.  i  N.  E.  i  sec.  29,  T.  63-9. 
96.  Fine  grained  gabbro.     Same  locality. 
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99.  Gabbro.     Same  locality. 

100.  Foliated  olivine  gabbro.    Same  locality. 

101 .  Olivine  gabbro.    Same  locality. 

102.  Contact  between  Nob.  97  and  100.    N.  E.  i  N.  W.  ^  sec 

29.  T.  63-9. 

103.  Contact  showing  biotite  in  gabbro.    Some  locality. 

104.  Olivine  gabbro.    N.  W.  J  N.  E.  J  sec.  21,  T.  61-^9. 

105.  Olivine  gabbro.     S.  W.  i  N.  W.  i  sec.  31,  T.  82-9. 

106.  Olivine  gabbro.    N.  W-  i  S.  E.  i  sec.  7,  T.  81-9. 

107.  Foliated  diabasic  gabbro.     S.  W.  J  sec.  12,  T.  61-10. 

108.  Fine  grained  olivine  gabbro.     Same  locality. 

109.  Olivine  gabbro.    Same  locality. 

110.  Foliated  olivine  gabbro.    S.  E.  i  S.  E.  i  sec.  27,  T.  62-10. 

111.  Bedded  olivine  gabbro.     Same  locality. 

112.  Olivine  ^bbro.     N.  W.  i  S.  E.  i  sec.  27,  T.  62-10. 

113.  Anortbosyte.     Same  locality. 

114.  Anortbosyte.     100  paces  north  of  No.  113. 

115.  Anortbosyte.     8.  W.  i  N.  E.  i  sec.  27,  T.  62-10. 

116.  Plagioclase  crystal  in  No.  115. 

117.  Olivine  gabbro.    S.  W.  i  S.  W.  i  sec.  15,  T.  62-10. 
lie.  Granite.    N.  E.  i  N.  E.  i  sec.  25.  T.  62-8. 

119.  Contact  between  gabbro  and  granite.    Same  locality. 

120.  Olivine  gabbro.    S.  E.  J  N.  B.  i  sec  20,  T.  62-10. 

121.  Coarse  gabbro.    100  feet  north  of  magnetite  ore.    N.  ff. 

i  S.  E.  i  sec.  80,  T.  62-10. 

122.  Infiltrated  quartz.     S.  E.  i  S.  E.  i  sec.  80.  T.  62-10. 

123.  Pyroxenyte.     Same  locality. 

124.  Quartz  and  gabbro.    Same  locality. 
125A.     Olivine.    Same  locality. 

125B.     Hornblende.     Same  locality. 

126.  Olivine  gabbro.     Muskrat  lake.     S.  W.  ^  S.  E.  i  sec.  80, 

T.  62-10. 

127.  Olivine  gabbro.     Muskrat  lake.     S.  E.  ^  S.  i£.  i  sec.  30, 

T.  62-10. 

128.  Gabbro.     S.  E.  i  S.  W.  i  sec.  29,  T.  82-10. 

129.  Matrix  of  conglomerate.  N.  E.  iS.  W.  i  sec.  26,  T.  64-fl. 

130.  Dioryte.     S.  E.  J  S.  "W.  i  sec.  18,  T.  64-9. 

131A.    Concretionary  schistose  diabase  dike.      N.  E.  comer 

sec.  28,  T.  62-11. 
131B.     Contact  of  granite  and  dike. 
132.     Granite  with  part  of  dike  adhering. 
138.     Granite.     S.  W.  corner  sec.  28,  T.  62-11. 
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134.  Ooarse  foliated  hornbleade  granite.    N.  W.  J  N.  W.  J  sec. 

33.  T.  62-11. 

135.  Gabbro  boulder.     N.  J  post  sec.  28,  T.  62-11. 

136.  Granite.    E.  J  post  sec.  32,  T.  62-11. 
187.     Orthoclase  crystals.    Same  locality. 

138.  Orthoclase  crystals.     N.  E,  J  N.  E.  i  sec.  28,  T.  62-11. 

139  Coarse  gabbro.     S.  W.  J  S.  W.  i  sec.  19,  T.  61-11. 

140.  Diabase.     Same  locality. 

141.  Slate  boulder.     Sec.  24,  T.  61-12. 

142.  Pyroxenyte.    Same  locality. 
■143.  Gabbro.    Same  locality. 

144.  Gabbro  with  chalcopyrite.     Same  locality- 

145.  Magnetite,  sec.  24,  T.  61-12. 

146.  Olivine  gabbro.    N.  W.  J  sec.  31,  T.  61-10. 

147.  Anorthosyte.     N.  E.  i  S.  W.  J  sec.  36,  T.  61-11. 
148A.     Anorthosyte.    S.  W.  i  N.  W.  i  sec.  31,  T.  61-10. 
148B.     Olivine  and  plagtoclase  segregations  in  gabbro.     Same 

locality. 
149A.     Anorthosyte.     Harris  lake.     N.  W.  J  sec.  26,  T.  61-11. 
149B.     Olivine  gabbro.     Harris  lake.     N.  E.  i  sec.  27,  T.  61-11. 
150.     Biotite  gabbro.     N.  W.  i  sec.  29,  T.  61-11. 
15,IA.     Contact  between  feldspar  and  olivine  segregations.    N. 

E.  i  N.  B.  i  sec.  6,  T.  60-11. 
151B.    Laminated  weathered  surface  of  No.  151A. 
151C.     Diallage.     Same  locality. 

152.     Anorthosyte.     N.  W.  i  S.  W.  i  sec.  8,  T.  60-11. 
153A.     Olivine  gabbro.     N.  i  post  sec.  2,  T.  60-10. 
153B.     Olivine  gabbro.    N.  W.  i  sec.  85,  T.  61  10. 

154.  Anorthosyte.     S.  W.  i  N.  W.  i  sec.  35,  T.  61- 10. 

155.  Olivine  gabbro.     N.  i  post  sec.  3,  T.  60-10. 

156.  Olivine  gabbro.     N.  E.  i  N.  E.  i  sec.  4.  T.  60-10. 

157.  Gabbro.     S.  W.  i  sec.  4.  T.  59-10. 

158.  Diallage.     Harris  lake.    Sec.  26,  T.  61-}1. 

159.  Olivine  gabbro.     100  paces  west  of  N.  E.  corner  sec.  1, 

T.  59  10. 

160.  Olivine  gabbro.     S.  E.  i  N.  E.  i  sec.  1,  T,  59-10. 

161.  Gabbro.    500  paces  S.  of  E.  i  post  sec.  1,  T.  59-10. . 

162.  Granite.    Boot  lake.     S.  W.  i  N.  E.  i  sec.  21,  T.  64-8. 

163.  Spotted  talc  schist    N.  W,  i  S.  E.  J  see.  15.  T.  64-8. 

164.  Spotted  talc  schist.    N.  E.  i  S.  W.  i  sec.  22,  T.  64-9. 

165.  Talc  schist.    Same  locality. 

166.  Spotted  schist.    Same  locality. 
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167.  Schist  with  large  orthoclase  crystals.     Same  locality. 
Preceding  4  specimens  are  transitions  from  164  to  167. 

168.  Quartzless  porphyry.     S.  W.  i  N.  W.  i  sec.  21,  T.  64-8. 

169.  Ferruginous  talc  schist    S.  E  J  S.  W.  i  sec.  20,  T.  64-9. 

170.  Gabbro.  N.  J  part  sec.  4,  T.  60  8.  [Lost.] 
171A.  Diabase.  N.  W.  i  N.  W.  i  sec.  36,  T.  60-8. 
171B.     Diabase.    S.  W.  i  N.  W.  i  sec.  36,  T.  60-8. 

172.     Black  fetsyte  porphyry.     N.  i  post  sec.  31,  T.  59-7. 
178A.     Red  feisyte  porphyry.    Same  locality. 
173B.     Weathered  surface  of  No.  173A. 

174.  Laminated  feisyte.    Same  locality. 

175.  Olivine  gabbro.    S.  E.  i  S.  E.  i  sec.  30,  T.  59-10. 

176.  Hypersthene  gabbro.     S,  E.  i  sec.  82.  T.  59-10. 

177.  Gabbro  veins.    S.  E.  i  sec.  19,  T.  60-8. 

178.  Hypersthene  gabbro.     Greenwood  lake,     N.  E.  i  sec.  9, 

T.  58-10. 
179A.     Reddish  gabbro.     N.  E.  i  sec.  16,  T.  58-10. 
179B.     Olivine  gabbro.    Same  locality. 
180.     Augite  syenite  dike.    Same  locality. 
181A  to  E.    Feisyte.    N.  E.  J  S.  E.  J  sec.  33.  T.  58-10. 
182.     Feisyte  porphyry.    N.  W.  J  sec.  3,  T.  57-10. 
188.     Diabase.     N.  W.  i  sec.  3,  T.  57.10. 
184.     Feisyte  porphyry.     S.  E.  i  S.  E.  J  sec.  1,  T.  57-11. 
a85.     Augite  syenite.     N.  E.  i  S.  E.  J  sec.  25.  T.  58-10. 

186.  Augite  syenite.     50  paces  south  of  N.  W.  corner  sec.  30. 

T.  58-10. 

187.  Gabbro.      "Grandmother"  hill.     S.  W.  J  S.  E.  J  sec.  8, 

T.  57-13. 

188.  Anorthosyte.       N.  E.  i  S.  E.  J  sec.  27,  T.  56-8.      a  Light 

colored,  b  Shows  fracture.  c  Dark  colored,  d 
Chlorite  segregations.  e  Weathering.  /  Pine 
grained.     Chlorite  evenly  distributed. 

189.  Gabbro  cutting  No.  188. 

190.  Anorthosyte.  shows  weathering  and  chlorite.     SchaS's 

hill.     S.  W.  i  N.  B.  i  sec.  27,  T.  56  8. 

191.  Gabbro.     SchafTs  hill. 

192.  Diabase  at  top  of  hill.     S.  W.  i  S.  E.  J  sec,  22,  T,  56-8. 

193.  Diabase  north  base  of  hill. 

194.  Diabase.    In  liver  bed.     N.  W.  J  S.  E.  J  sec.  22,  T.  56-8. 

195.  Amygdaloidal  diabase,  laumontite,  chlorite,  calcite  and 

quartz.     Same  locality. 

196.  Diabase  porpbyryte.     S.  W.  i  S.  E.  ^  sec.  22,  T.  56-8. 

197.  Diabase.    Same  locality. 
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198A.     Red  mottled  gabbro.     S.  E.  J  S.  W.  J  sec.  34,  T.  57-7. 
198B.     Diabase.     S.  E.  J  8.  E.  J  sec  34,  T.  57-7. 
399.     Gabbro.     S.  E.  i  S.  W.  Isec.  27,  T.  56-8. 

200.  Gabbro.     8.  E.  i  S.  W.  J  see.  11,  T.  56-8. 

201.  Gabbro.     N.  E.  i  N.  E.  i  sec.  13,  T.  56  8. 

202.  Diabase.    N.  W.  J  S.  W.  i  sec.  7,  T.  56-7. 

203.  Dia>base  porphyryte.     Same  locality. 

204.  Gabbro  containing  plagioclase  crystal  1  inch  in  diameter. 

N.  E.  i  sec.  6,  T.  56  7. 

205.  Gabbro.     N.  W.  i  N.  E.  i  sec.  6.  T.  57-7. 

206.  Gabbro.     S  E.  i  sec.  19,  T.  67-7. 

207.  Gabbro.     N.  W.  i  N.  W.  1  sec.  25.  T.  56-8. 

208.  Diabase.     N.  W.  i  8.  W.  i  sec.  25,  T,  56-8. 

209.  Anorthosyte.    N.  E.  J  8.  E.  i  sec.  26,  T.  56-8. 

210.  Red  gabbro.    N.  E.  i  S.  W.  i  sec.  25.  T.  56-8. 

211.  Diabase.      Bear  lake.  N.  W.  i  N.  W.  i;sec.  3.  T.  55-8. 

212.  Diabase.    N.  E.  i  N.  W.  i  sec.  8.  T.  55-8. 

213A.     Amygdaloidal  diabase  porphyryte.      On^town  road,  J 

mile  south  of  N.  E.  corner  sec,  3,  T.  55-8. 
2I3B.     Same,  one  half  mile  south  of  the  preceding. 

214.  Diabase.     8.  E.  J  N.  W.  i  sec.  31,  T.  56-8. 

215.  Gabbro.    50  paces  south  of  N.  W.  corner  sec  15,  ,T.  56-9. 

216.  Diabase  porphyryte.    N.  E.  i  N.  E.  i  sec.  9,  T.  55-8. 

217.  Diabase.     8.  W.  i  8.  E.  i  sec.  9,  T.  65  8. 

218.  Diabase.    S.  E.  J  8.  E.  i  sec.  9,  T.  55-8. 

219.  Anorthosyte.     S.  E.  i  8.  W.  J  sec  10,  T.  55-8. 

220.  Olivine  gabbro.     Second  falls  of  Beaver  river.      N.  W.  i 

8.  W.  i  sec.  12,  T.  55-8. 

221.  Fine  grained  diabase.    N.  W.  J  8.  W.  i  sec.  3,  T.  55-^. 

222.  Amygdaloidal  diabase.     S.  E.  i  8.  E.  i  sec  2,  T.  55-8. 

223.  Gabbro.    N.  W.  i  N.  W.  J  sec.  1,  T.  55-8. 

224.  Anorthosyte.     8.  W.  i  8.  R  i  sec.  1,  T.  55-8. 

225.  Augite  syenite.    S.  W.  J  sec.  5,  T.  67-7. 

226.  Diabase.    8.  W.  J  N.  W.  i  sec.  22,  T.  57-7. 

227.  Olivine  gabbro.    W.  i  post  sec.  35,  T.  55-11. 

228.  Diabase.     S.  W.  i  N.  B.  J  sec.  33,  T.  55-10. 

229.  Diabase.     S.  E.  i  S.  W.  i  sec.  11,  T.  55-10. 

230.  Anorthosyte  boulder.     Same  locality. 

231.  Diabase.    N.  W.  i  N.  E.  1  sec  15.  T.  55-10. 

282.  Diabase.    N.  W.  i  N.  W.  J  sec,  23,  T.  55-10. 

283.  Diabase.     S.  E.  i  S.  E.  i  sec.  26,  T.  53-11. 

234.     Ophitlc  gabbro.      100  paces  north  of  S.  E,  corner  sec.  27^ 
T.  68-11. 
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235.  Ophitic  olivine  gabbfo.     Same  locality. 

236.  Coatiact  between  235  and  anorthosyte  iqcIusIod.     Same 

locality. 

237.  Fine  grained  red  gabbro.   N.  E.  i  N.  E.  i  sec.  34,  T.  53-1 1 . 

238.  Diabase.     N.  W.  i  S.  W.  i  sec.  12.  T.  53-11. 

239.  Diabase.     N.  E.  J  N.  E.  i  sec.  17,  T.  53-11. 

240.  Diabase.     S.  W.  i  N.  W.  i  sec.  8,  T.  58-11. 
"241.     Diabase  with  feldspar  crystals.     Same  locality. 

S42.  Compact  felsyte.   Railroad  cut.     N.  E.  i  sec.  21,  T.  52-11. 

243.  Amygdaloidal  diabase.    Lake  shore,  sec.  21,  T.  52-11. 

244.  Diabase.     S.  W.  i  N.  W.  J  sec.  8.  T.  53-11. 

245.  Amygdaloidal  diabase  coBtaiping  lanmontite,  calcite,  etc- 

Stewart  river.  S.  W.  i  N.  E.  i  sec.  29,  T.  53-10. 

246.  Amygdaloidal  diabase.      From  "Coppermine."    S.  E.  ^ 

N.  E.  J  sec.  29.  T.  53-11. 

247.  Fine  grained  phase  of  246. 

248.  4  specimens  represent  the  rock  below  the  amygdaloidal 

diabase,  and  form  bed  of  the  Stewart  river.  N.  E.  i 
N.  W.  isec.  29.  T.  53-10. 

249.  Diabase.      Upper  falls  ("the  slide")  of  Stewart  river. 

N.  W.  J  S.  W.  i  sec.  20.  T.  53- 10. 

250.  Gabbro.    S.  W.  i  S.  W.  i  sec.  15,  T.  53-10. 

251.  Diabase.     Mouth  of  Stewart  river. 

252.  Gabbro.    N.  W.  J  S.  W.  J  sec.  4,  T.  53-10. 

253.  Diabase.     Same  locality. 

254.  Contact  between  Nos.  i!52  and  253. 

255.  Gabbro.    N.  W.  i  sec.  6,  T.  54-9. 

256.  Amygdaloidal  diabase.     Point  below  Split  Rock  river. 

257.  Diabase.     First  falls  of  Gooseberry  river. 

L'58A.    Diabase.     Flood  bay.     S,  E.  i  N.  W.  J  sec.  32,  T.  53-10. 
258B.     Laminated  diabase.     Same  locality. 

259.  Diabase,    Rock  cut  two  miles  north  of  Highland.     D.  & 

I.  R.  railroad. 

260.  Diabase.  N.  W.  corner  sec.  12,  T.  52-11. 

261.  Pine  red  mottled  diabase.     Lighthouse  point  at  Two 

Harbors. 

262.  Diabase.     Rock  cut  one  mile  north  of  Two  Harbors. 

263.  A  different  phase  of  No.  262. 

264.  Diabase.     One  mile  south  of  Cloquet. 

265.  Red  rock  boulder.    Same  locality. 

266.  Diabase.     On  old  county  road  north  of  Great  Palisades 

267.  Quarlzless  porphyry.     S.  E.  i  S.  E.  J  sec.  23,  T.  64-9. 

268.  Granite.     Same  locality. 
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269.  Schist.     S.  E.  1  N.  W  i  sec.  24.  T.  64-9. 

270.  Quartzless  porphyry.     N.  E.  i  S.  E.  J  sec.  19.  T.  64-8. 

271.  Augite  granite.    N.  W.  i  S.  W.  i  sec.  20.  T.  64-8. 

272.  Quartzless  porphyry.    S.  W.  i  N.  W.  J  sec  20,  T.  64-8. 

273.  Granite.     S.  W.  i  N.  W.  i  sec.  20.  T.  64-8. 

274.  Siliceous  schist.    Boot  lake.     N.  W.  J  S-  E.  i  sec.  21.  T. 

64-8. 

275.  Granite.     S.  W.  J  N.  W.  J  sec.  20,  T.  64-8. 

276.  Matrix  of  conglomerate.    N.  E.  i  S.  E.  i  sec.  22,  T.  64-9. 

277.  Argillitic  schist     Saioe  locality. 

278.  Dioryte.    N.  E.  i  S.  W.  J  sec.  26,  T.  64-9. 

279.  Quartzless  porphyry.     Flask  lake.     S.  E.  1  S.  E.  i  sec. 

28,  T.  64-9. 

280.  Dioryte.     Same  locality. 

281.  Hornblende  porphyry.     S.  W.  i  N.  W.  i  sec.  31,  T.  64-9. 

282.  Hornblende  schist.    Jasper  lake.  sec.  1,  T.  63-10. 

283.  Hematite.     S.  W.  i  S.  E.  i  sec,  1,  T.  63-10. 

284.  Hornblende  porphyry,     Same  locality. 

285.  Dioryte.     N.  W.  i  S.  W.  i  sec.  26,  T.  64-9. 

286.  Argillitic  schist     N.  E.  i  S.  W.  i  sec.  26,  T.  64-9. 

287.  Spotted  talc  schist    N.  W.  i  S.  E.  i  sec.  15,  T.  64-8. 

288.  Diabase.    Bed  of   Baptism  river  at  the  crossing  of  the 

old  county  road.     S.  E.  i  see.  4,  T.  56-7. 
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Gumbeil&ud  Qo.Teuu... 
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J.  A.  Udden. 

Winohell. 
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J.  B.  Todd.    No.  3. 

J.  B,  Todd.    No.  4.    [Sample  ot  layer, 

vertical,  1-1  tt.  thick  at  Junction   Of 
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J.TE.Todd.    No.B.    (t'ormlng  8.  W.I 

tlon  ot  Booky  point  at  "--- " '- 

J.  E.  Todd.    No.  g. 
J.  E.  Todd. 
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Lake  of  the  Wood*,  9.  shore. . 


Bis  Fork    river.   %  m.  below 

SlurgeoD  river 

Big  Fork    river.   Vi  m.  below 

bturseon  rtver 

Bis  Fork     river,  K  m.   below 

SturibOD  river... 
Blj  Fork   river,  t 
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L.  Beeifd 


N.  E.  ot  Elboi>'lake.'E.'Hubbur<i 
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Big  Pork  rlvei 

and  Dear  rlv 

Big  Fork    rlv. 


Bjg  Fork   river,'  «  ni.  below 
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Sturgeon-'--- 


BlB  Pork  river,  10  m.  below 
Rig  tails 

Between  Sturgeon  and  BlgFork 
rivers.  2S  m.  below  Big  falls.. 

Big  Fork  river,  25  m.  below  Big 


W.  llnernear  H.  edge)Bec.3I.M-3I 


Beo'B.  a.  23  and  U,  SII-28. . , 


Sec'HK,Z3aDd»,««-tS.. 

B.  E.  !4  B.  E.  U  sec.  4,  W-i 
W.  llae  sec.  5.150  chs.N.o 
cor.T.HI.11 


B.  W.  U  6.  W.  )i  eec.  15,  Sft-tl. . . 
BecSOTM-il 


r.  K.Todd,    (Localllf  B.) 
I.  E.Todd.    ILocallty  B.) 
J.E.Tudd.    ITurB  m.  below  JuDCtlon  of 
Big  Fork  and  Sturgeon  rivers.^ 


of  Sand  creek.) 

. .  J.  B.  Todd.  (Bock  hammock  W  ft.  higb,  \ 
—    ^  ™  —'—•'Vi.Dearthe  mouth  of 


.    J.E.Todd. 


i.  E.  Culver.    "First   exDosure  on   Big 

Pork."  INote  B..  p.  St.) 

Q.  IE.  Culver.    "First   exposure   on    Big 

Pork."  (NoteB..  p,  23.) 

..  El.  E.  Culver.    PrDbablvIrom  firstexpos- 

ure  on  Big  Fork.  ISoXo  B.,  P.  28.) 
..  Q.E.  Culver.    Probablf  from  finte^fpoB- 

iireoD  Big  Fork.  (Note  B..  □.  £<l.) 
..  Q.E.  Culver.  Probabiv  from  first  eicpos- 

ureonBlgPork.  (Note  B.,  p.  !S.) 
..  Q.E.  Quiver.    Veln-Uke  In  form. 


(NoteB.,  p.U.) 
(NoteB.,  p.  se.) 


(MoteB..p.  40). 
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Igranlte. 
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ADDITIONS  TO  THE  LIBRARY  SINCE  THE 
REPORT  FOR  1892. 


The  present  list  consists  of  the  additions  made  from  Dec.  ] 
.893,  to  April  1,  1894. 


Albany.    Bull.  State  Museum,  Hi,  No.  11,  1893. 


BaUimore.    Amer.  Cbem.  Jour.,  xv,  7-8,  1893;  xvf,  1-2,  1894. 

Johns  Hopkins  Uoiv.  Circulars,  illl,  108-110,  1894. 
Bel/ait.    Report  and  Proc.  Belfast  Nat.  Hist,  and  Pbilosophical  Soc., 


Berkeley.    Bull.  Dept.  Geology  Univ.  of  Calif  ,  1,  pp.  72-160.  Dec.,  189:t. 
iierltn.    Deutscben  Geologischen  Gesells.  Zeltschrift,  xlv,  No.  2,  1893. 
B^m.    Mittb.  Naturl.  Gesells.,  Nas.  1279-1301.  1892. 
Bodon.    Proc.  Boston  Soc  Nat.  Hist,  xxvl.  No.  1,  1892-93. 
Braunackioeig.    Jahr.  de  Verelus  fnr  Naturwlasenscbaft,  No.  7,   1889-90 
and  1890-1891. 


Cambridge.    Appalachian  Mountain  Otub.  Appalachia,  vil.  No,  3,  Mcta., 
1894.    Begister,  1894. 
Peabody  Acad.  Science,  Annual  EeporU,  i-vl,  1869-1873. 
Harvard  CoDetfe,   Mua.   Comp.   ZooL,  Annual  Rep.  of  Curator, 
1892-93;  Bull.,  zxv,  Noa.  5-6,  1894. 
Chicago.    Univ.  of  Chicago,  Jour,  of  Geology,  I,  Nob.  1-8, 1893;  II,  Nos. 

1-2,  1894. 
Cincinnati.    Jour.  Cincinnati  Soc.  Nat.  Hist.,  xvl,  Nos.  1-4. 1893-1894. 


BarmstadL    Mltth.  Geol.  LaniJesauHtalt  zu  Darmstadt,  1,  No.  1,  1893. 
Denoer.    Colorado  Scl.  Sue,  ext.  from  Proc,  1893-1891. 
Dca  Moinen.    Annual  Rep.  Iowa  Geul.  Survey,  1892. 
Zhvadcn.    Jahr.  dee  Yerelus  f.  Erdkunde,  xxill,  1893. 


EAwhurgh.    Trans.  Edinburgb  Geol.  Soc.,  vi.  No.  5,  1893. 
Proc  Royal  Soc.  Edinburgh,  xix,  1891-92. 
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Qlaigov).    Froc.  Fbllosophlcal  Soc.  of  Olauglow,  xxlv,  1892-1893. 
Oood  Hope.    American  Aotiquarlan,  xv,  Ko.  6, 1893;  xvl,  Nos.  1-2, 1891. 
Qsttingen.    Kooigl.  Gesells.  der  WiaeeDS,   zu   OottiogeD,  NachrlchteD, 
11-14,  1893. 

H 
Heidelberg.    Mitth.  der  Geol.  LandesaDStalt,  I  Ergaozang  zum  I  Band e, 


lovM  cay.    Bull.  Laboratories  of  Nat.  Hist.  State  Uolv.,  ii.  No.  4, 1893. 


KUi.    nalverslty.  88  pampblets,  mostly  Inaagural  dissertations. 

Naturw.  VerelDS  fOr  Schleswig-Hol stela,  Scbrlfteo,  li.'No.  2, 1877; 
vU,  No.  2,  1891;  x.  No.  1,  1893. 


Leipzig.    KoDg.  Sacb.  der  Wlaseancbafbeo  zu  Leipzig.  Berlcble,  Iv-vj, 

matb.-pbjs.  Glasse.,  1893. 
Liverpool.    Proc  Geol.  Sue  Liverpool,  vil,  No.  1,  1892-93. 

M 

3£adiaon.    Proc.  Wisconsin  State  Historical  Society,  xxi-xxxlv,  1875-1B&7; 

xll.  1893. 
MeriAen.    Trans.  UcHden  Scieottfic  Association,  v,  1893. 
Metx.    Jahr.  Yereins  far  Erdkunde  zu  Metz.  xv,  I892-S3. 
MeaMo.    Memoires  7  Revista  Sociedad  Cleatitica  "Antonio  Alzate,"  vil. 

Nob.  1-6.  1893-1894. 
JUtluHtutee.    Trans.  Wisconsin  Acad.  Sciences,  Ix,  No.  2, 1892-93. 
Miimtapolis.    Agr'l  Experiment  Station  Bulletins,  xslx-xxx,  Dec,  1893. 

American  Geolngist,  xlil,  1-3,  1891. 
Moscovi.    Soctet*:  Imp.  des  Naturallstes  de  Moscou,  Bulletins  1-3,  1893. 
Munehen.    Bayerlschea  Industrie  &-Gewerbeblatt,  xxv,  Nos.  48-52,  1883; 
nos.  1-fl,  1894, 

N 
New  York.    American  Geog.  Soc,  Bulletin,  xxv,  No.  4,  pt-  I,  Dec,  1893. 
Memoirs  Amer,  Mus.  Nat.  Hist.,  i,  No.  1, 1S93; 
Bull.  Amer,  Mus.  Nat.  Hist.,  v,  1893. 
Annals  N.  Y.  Acad.  Scl.,  ii,  Nos.  1-2  and  4;  also  4  odd  Nos.,  1884- 

W85:  vlli,  Nos,  1-3,  1893. 
Trans.  N,  Y.  Acad.  Scl.,  I,  Nos.  1-3.  5,  6-8,  1880-1881. 
NUmberg.    Abbandlungen  der  Naturh.  Gesell.,  x.  No.  1,  (Duplicate)  1802. 


OMaioa.    CaUIogue  of  rocks  at  the  Columbian  Exposition,  1893. 

Annual  Rep.  Geol.  Sur.  Canada,  v,  pts.  1-2,  1890-1891,  witb  case  of 
maps. 
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Pari*.    Soc.  des  Sci.  Nat.  de  I'Ouest,  Bulkttn,  lil,  Nos.  2-3,  1893. 
Pkiladelpkia.    Tennj's  Geolwir  for  teachers,  classes  and  private  studenW, 
1871. 
Froc.  Acad.  Kat.  Sci.,  Ser.  3,  xxlii,  pi.   2,   ISSS;  Journal,  Ser.  2, 

i-v|[|,  1847-1881. 
Amerlc3D  Naturalist,   xxvW,  Oct.-Dec.,  1893;   sxvlil,   Jao.-Mcb., 

1894. 
Reports  of  Prioress  Geol.  Sur.  Pa.,  C.  C.  to  Z,  iociiisive,  1875-1889. 

Rio  de  Janiero.    Archlvos  Huseo  Naclonal  de  Rio  de  Janeiro,  vlll,  1892. 


Sacramento.     ADDual  Rep.  State  Mlneralonlsl  of  Califorafa,  xt,  ia9l-l)j92. 

San  Franciaco.    Pruc.  Caltfornla  ACad.  of  Sci.,  2  Ser.,  111.  No.  2,  1893;  oc- 
casional papers,  It,  1893. 

Santiago.    Actes  de  Socli?t«^  Scientifltiue.du  Chile,  III,  Nos.  1-2,  1893. 

at.  Louis.    Aanual  Report  St.  Louis  Public  Library,  1891-1892. 

Stockholm.    HandllQgar  der  K.   Sveneka   Tetenakaps-Akad.,  xlU-xvii, 
Nos.  2-4,  1888-1892;  xvilt.  Nos.  2-4,  1893;  also  xil,  Nos.  2-4,  1881. 
Abtiandllngarzu  Sverlges  Geuloglska  Undersokolng,  Ser.  C,  Nos. 
112,  116-134,  1892-1893. 


Tacoma.    Proc.  Tacoma  Acad.  Scl.,  Taconia,  Wash.,  "Is  it  Mt.  Tacoma 

or  Ralner?"     Hon.  Jas.  Wickersham. 
Topeka.    Trana.  Kansas  Acad.  <jl  Science,  xill,  1881-1892. 
Tbronto.    Aanual  Rep.  Canadian  Institute,  y,  1892-1S93. 
Trans.  Canadian  Institute,  lil,  pts.  2,  6, 189a 

U 

Vpaala.    Areskrltpt  Upsala  UnUersltet.  1892. 

W 
Washington.     D.  S.  Nat'l  Museum,  Bulletin  No.  45,  1893;  Proc.  U.  S.  Nafl 
Museum,  xvl,  Nos.  939-933,  96J,  963,  967-974,  1893. 
Smithsonian  Report,  1891. 

Z 
Zurick.    Naturf.  Geseil.  Neujahrsblatt,  xcvl,  1894. 
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XVI. 

THE  EXHIBIT  OF  THE  SURVEY  AT  THE 
COLUMBIAN  EXPOSITION. 


BY  N.  H.  WINCHELL. 


Tbe  Minnesota  survey  had  no  independent  agency  in  the 
State's  exhibit  at  the  Columbian  Exposition,  but  aided  through 
correspondence  with  the  state  board  of  managers  in  every  way 
that  was  feasible.  The  survey  also  prepared  a  series  of  typi- 
cal rock  samples,  numbering  100,  dressed  to  the  usual  museum 
size  of  Z  in.  by  4  in.,  whi(^  were  fully  labelled  and  well  shown 
in  a  suitable  vertical  wall  case,  the  various  specimeos  being 
secured  in  position  by  brass  clamps  screwed  into  the  case  so  as 
to  bold  both  labels  and  specimens  in  position.  This  suite  in- 
cluded all  the  sedimentary  formations,  with  some  special 
phases,  and  most  of  the  crystalline  rocks. 

The  survey  also  exhibited  twenty  unpublished  maps  designed 
to  show  the  physical  features  of  the  state.  These  were  essen- 
tially the  same  series  of  maps  as  those  exhibited  at  the  New 
Orleans  Industrial  and  Cotton  Centennial  Exposition  at  New 
Orleans  in  1884,  but  after  damage  by  fire  at  Pillsbury  hall 
they  had  been  redrawn,  and  in  some  particulars  had  l>een  cor- 
rected in  accordance  with  later  information.  The  judges  who 
examined  the  exhibits  of  the  Mines  and  Mining  building 
awarded  a  diploma  to  this  set  of  rocks  and  maps.  It  is  signed  by 
George  H.  Williams. 

At  the  New  Orleans  Exposition  the  Minnesota  survey  had  a 
much  larger  exhibit.  "Whether  any  award  was  made  for  this  ex- 
hibit is  not  known.  That  Exposition  broke  up  in  confusion, 
the  committee  of  awards  did  not  make  known  its  conclusions, 
and  the  directors  never  carried  out  its  determinations.  The 
Minnesota  State  Commissioner's  report,  covering  a  detailed  re- 
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port  of  the  operatiODB  of  the  Mimtesota  survey,  wid  of  various 
other  departments  of  the  state  exhibit,  was  never  published, 
though  filed  with  the  governor. 

At  the  Universal  Exposition  at  Paris,  in'  1889,  a  set  of  the 
publications  of  the  survey  was  on  exhibition  and  received  a 
bronze  medal  and  a  diploma. 

In  addition  to  the  general  award  as  above  by  the  judges  at 
the  Columbian  Exposition,  special  diplomas  were  awarded  to 
Mr.  Warren  Upham  and  to  Mr.  Louis  Ogaard  for  expert  assis- 
tance in  the  preparation  of  the  survey  exhibit. 

After  the  close  of  the  Exposition  the  Board  of  State  Mana- 
gers of  the  Columbian  Exposition  decided  to  dispose  of  the 
State's  exhibit  in  the  Mines  and  Mining  building  by  depositing 
it  in  the  General  Museum  of  the  University,  on  condition  that 
it  should  be  re-erected  in  Minneapolis  in  the  same  form  as  it 
had  at  Chicago.  This  served  as  a  nucleus  about  which  were 
gathered  numerous  other  exhibits,  donated  by  individuals  and 
by  State  Commissioners,  the  whole  being  designed  to  make  a 
large  addition  to  the  University  Museum,  especially  illustrative 
of  economical  geology.  The  whole  collection,  after  shipment 
to  Minneapolis,  was  stored  in  the  Colosseum  building  on  the 
University  grounds,  and  was  almost  entirely  ruined  when  the 
building  was  destroyed  recently  by  fire.  Fortunately,  however, 
the  above  series  of  maps  had  been  removed  to  Pillsbury  hall 
a  short  time  before  the  confiagration. 
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PUBLICATIONS  OP  THE  GEOLOGICAL  AND  NATURAL 
HISTORY  SURVEY  OP  MINNESOTA. 


I.    ANNUAL  BEPORTS., 
(Distributed  by  tbe  State  Oeologlst.) 

The  First  Amnua.l  Befort,  for  1872.  112  pp.,  8vo.;  wltb  a  colored  map 
of  the  slate.  By  N.  H.  Winchetl.  Published  In  the  Etegents'  Report 
for  1872:  coDtalns  a  sketch  of  the  geolc^j  of  the  state,  as  then  kDowo, 
and  a  list  of  earlier  reports.    Second  edition  (1884)  ideatical. 

The  Second  Annual  Report,  fob  1873.  145  pp.,  8vo.;  with  Illustra- 
tions. By  N.  n.  Wiiicfiel!  and  S.  F.  Peckham.  Published  In  tbe  Re- 
Itents'  Report  for  1871    Second  edition  (1863)  Identical. 

TeieTbikd  Annual  Report,  for  1874.  42  pp.,  8vo,;  with  two  county 
maps.  By  ff.  H.  WinehtU.  Published  in  the  Regents'  Report  for 
1874.    Second  edition  (1894)  idenilc&l. 

The  Fourth  Annual  Report,  fob  1875.  162  pp.,  8to,;  with  four 
county  maps  and  a  number  of  other  Illustrations.  By  S.  H.  Winthdl. 
assisted  by  M.  W.  HarringUm.  Also  in  the  Regents'  Report  for  1875. 
Out  of  print. 

The  Fifth  annual  Report,  for  1876.  248  pp.,  8vo.;  four  colored 
maps  and  several  other  illustrations.  By  N.  H.  Winchell;  with  re- 
ports on  Chemistry,  by  8.  F.  Peekham;  Ornithology,  by  P.  L.  Hatch; 
Entomology,  by  AlUn  Wliitman;  and  on  Fungi,  by  A.  E.  JoKnaon. 
Also  In  the  Regents'  Report  for  1876.    Out  of  print. 

The  Sixth  Aknual  Rkport,  for  1877.  226  pp.,  6vo.;  three  geological 
maps  and  several  other  illustrations.  By  N.  H.  WinOieli;  wltb  reports 
ou  Chemical  analyses,  by  8.  F.  Peekham;  on  Ornithology,  by  P.  L. 
Hatch;  on  Entomology,  by  Allen  Whitman;  and  on  Qeology  of  Rice 
county,  and  L.  B.  Sperry.  Also  in  the  Regents'  Report  for  18T7.  Out 
of  print. 

The  Seventh  Annual  Repobt,  for  1878.  123  pp.,  8vo.;  with  twenty- 
one  plates.  By  N.  H.  Winchell;  with  a  field  report,  by  C.  W.  Hall; 
Chemical  analyses,  by  S.  F.  Peckhain;  Ornilholt^y,  by  P.  L.  Batek: 
a  list  of  the  plants  of  the  north  shore  of  latce  Superior,  by  B.  Juni; 
and  an  Appendix  by  C.  L.  Herrick  on  the  Microscopic  Entomostraca 
of  Minnesota;  twtnty-one  plates.  Also  In  the  Regents'  Report  for 
1878.    Out  of  print. 

The  Eiohth  Annual  Refokt,  for  1876.  183  pp.,  8vo.;  one  plate  (Oas- 
toroides).  By  N.  H.  Wincliell;  containing  a  statement  of  the  Methods 
of  MIscroscoptc  Lithologj,  a  discussion  of  the  Cupriferous  Series  in 
Minnesota,  and  descriptions  of  new  species  of  Bracbiopoda  from  the 
Trenton  and  Hudson  River  formation;  with  reports  on  the  Geology 
of  Central  and  Western  Minnesota,  by  Warren  Upham;  on  the  Lake 
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Superior  reRton,  by  C.  W.  Hall;  lists  of  birds  and  of  plants  from  Lake 
Superior,  by  Ttwmas  S.  Robert*;  Chemical  Analyses,  by  8.  F.  Peekham; 
Report  by  P.  L.  Hatdi;  and  four  Appeadixes.  Also  In  theBegente' 
Report  for  1619  and  1S80.    Out  of  print. 

The  Ninth  Annual  Report,  for  1880,  392  pp.,  8vo. ,  three  appendixes, 
two  wood  cut  Illustrations  and  six  plates.  By  N.  H.  Win^teU.  Con- 
taining field  descrlptloDsof  442  crystalllnerock  samples,  and  notes  on 
their  geological  relations,  from  the  northern  part  of  the  state,  new 
Brachlopoda,  the  water  supply  of  the  Red  River  valley,  and  simple 
teste  of  the  qualities  of  water;  with  reports:  on  the  upper  Mississippi 
region,  by  O.  B.  Qai-riaon;  on  the  Hydrology  of  Minnesota,  by  C.  M. 
Terry;  on  the  Glacial  Drift  'and  Its  terminal  montioes,  by  Warren. 
Upham;  Cbemicai  analysis,  by  J.  A.  Dodge;  a  list  of  the  birds  of  Min- 
nesota, by  P.  L.  Hatch;  and  of  the  winter  birds,  by  Thomas  S.  Soberta. 
Also  in  the  Regents'  Report  for  1879  and  1680.    Out  of  print. 

Thk  Tenth  Annual  Report,  fob  1881.  254  pp.,  8vo.,  with  ten  wood 
cut  lllustratiooB  and  fifteen  plates.  By  N.  H.  WiiicheU.  OontalnlDg 
field  descriptions  of  about  four  hundred  rock  samples,  and  notes  on 
their  geological  relations,  continued  from  the  last  report;  the  Pots- 
dam sandstone;  typical  thin  sections  of  tbe  rocks  of  the  Uuplferous 
series;  and  the  deep  well  at  tbe  "C"  Washburn  mill,  Minneapolis: 
with  geological  notes,  hy  J.  H.  Kloos;  Chemical  analyses,  hy  J.  A. 
Dodge;  and  papers  on  the  Crustacea  of  the  fresh  waters  of  Minaeaota, 
eleven  plates,  by  C.  L.  Herrick.  Also  in  the  Regents'  Report  for  1881 
and  1682.    Out  of  print. 

The  Eleventh  Annual  Repobt,  fob  1882.  219  pp.,  8vo.,  with  three 
wood  cut  Illustrations  and  one  plate.  By  N.  H.  WindheU.  CootalDlng 
a  report  on  the  Mineralogy  of  Minnesota,  and  a  note  on  the  age  of 
tbe  rocks  of  the  MesabI  and  Vermilion  iron  districts;  with  papers  on 
thecrystalllne  rocks  of  Minnesota, by  .d.  Sfrengand,/.  H.  ^loos,- on  rock 
outcrops  In  central  Minnesota  and  on  lake  Agasslz,  by  Warren 
Upham;  on  the  iron  region  of  northern  Minnesota,  by  Albtrt  H.  Chegter; 
Chemical  analyses,  by  J.  A.  Dodge;  and  an  Appendix  containing 
Minnesota  laws  relating  to  mines  and  mining,  abstracted  by  C.  L. 
Herrick.    Also  in  tbe  Regents'  Report  for  1881  and  1882. 

The  Twelfth  Annual  Rkpout,  fob  1883.  Summary  report,  containing 
paleontological  notes  and  a  paper  on  the  comparative  strength  of 
Minnesota  and  New  England  granites,  twenty-six  pages,  by  N.  H. 
Windwll;  final  report  on  the  Crustacea  of  Minnesota,  included  in  the 
orders  of  Cladocera  and  Cojiepoda,  192  pages  and  30  plates,  by  C.  L. 
Herride;  and  a  catai(^ue  of  tbe  Flora  of  Minnesota,  193  pages,  with 
one  map  showing  the  forest  distribution,  by  Warren  Upltam.  Also 
■    iQtheBegents'Report  for  1883  and  1884.    Out  of  print. 

The  Thirteenth  Annual  Report,  for  1684  196  pp.  (T«ol<%tca] 
reconnoissances,  the  Vermilion  Iron  ores,  the  crystalline  rocks  of 
Minnesota  and  of  the  Northwest,  the  Humboldt  salt-well  in  Kittson 
county,  records  of  various  deep  wells  In  the  state,  fossils  from  the 
red  quartzyte  at  Pipestone,  reports  on  tbe  New  Orleans  Exposition 
and  on  the  General  Museum,  by  N.  H.  Wincheli;  Geology  of  Mlone- 
haha  county,  Dakota,  by  Warren  Upham;  Chemical  report,  by  Prof. 
J.  A.  Dodge;    Minnesota    geographical    names  derived    from  the 
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Dakota  language,  by  Prof.  A.  W.  WilUamton;  Insects  IdJuHous  to  the 
cabbage,  by  O.  W.  OatbmS;  Geological  notes  in  Blue  Edith  county, 
by  Prof.  A.  F.  BechdoU;  and  on  a  fossil  elephant  from  Stockton,  by 
Prof.  JtAit  Holxinger;  papers  on  tbe  Cretaceous  fossils  In  the  boulder 
clays  in  the  ITorthwest,  by  George  M.  Davaon  and  by  Woodward  and 
Thomas;  and  notes  on  the  Mammals  of  Big  Stone  lake  and  Ticlnlty, 
hy  C  L.  Herrick.    Out  of  print. 

Thb  FoustSbnth  Annual  Rkpobt,  for  1885.  354  pp.;  two  plates  of 
fossils  and  two  wood  cut«.  By  A'.  H.  WindteU.  Containing  summary 
report,  notes  on  some  deep  wells  in  Minnesota,  descriptions  of  tour 
new  species  of  fossils,  a  supposed  natural  alloy  of  copper  and  silver 
from  tbe  north  shore  of  lake  Superior,  and  revision  of  the  strati- 
graphy of  the  Cambrian  in  Minnesota,  with  the  following  papers  by 
assistants,  viz:  List  of  the  Aphldldte  of  Minnesota  with  descriptions 
of  some  new  species,  by  O.  W.  Oe»tlund;  Report  on  the  Lower  Silurian 
Bryozoa,  with  preliminary  descriptions  of  some  new  species,  by  E.  0. 
Vlridi;  Conchologlcal  notes,  by  U.  S.  Grant;  Bibliography  of  the  Fu- 
ramtnlfera,  recent  and  fossil,  by  AiUhony  Woodtoard. 

Thb  Fiftbbnth  Annual  Repobt,  foe  1886.  493  pp.,  8vo.;  120  diagram 
illustrations  and  sketches  In  the  text,  and  two  colored  maps;  embrac- 
ing reports  on  observations  on  the  crystalline  rocks  in  the  northeast- 
ern partof  the  state,  by  Alexander  Windull,  N.  A.  Winchell  and  H.  V. 
B^tncA«n;  Chemical  report  by  Prof.  J.  A.  Dodge;  additional  railroad 
elevations  by  N.  H.  WineheU;  list  of  Minnesota  geographical  names 
derived  from  the  Chippewa  language,  by  Stv.  J.  A.  OHJtllan;  and  notes 
on  Illanl,  describing  three  new  species,  by  Aug.  F.  Foerste.  Also  as 
supplement  II  of  the  Regents'  Report  tor  1887-1888.    Out  of  print 

The  Sixteenth  Annual  Repobt,  fok  1867.  bOi  pp.,  8va.;  two  plates 
and  83other  illustrations.  Contains  reports  on  theorlginal  Quronian 
area,  the  Marquette  Iron  region,  on  the  Gogebic  and  Penokee  Iron- 
bearing  rocks,  on  the  formations  of  northeastern  Minnesota  (Includ- 
ing the  physical  aspects,  vegetation,  quadrupeds  and  other  verte- 
brates), the  geology  of  the  region  northwest  from  Vermilion  lake  to 
Rainy  lake  and  of  the  Little  and  Big  Fork  rivers;  also  notes  on  the 
Molluscan  fauna  of  Minnesota. 

The  Seventeenth  Annual  Report,  fob  1888.  280  pp.,  8vo.;  ten  teit 
illustrations.  Contains:  Report  ot  N.  E.  WineheU,  the  crystalline 
rocks  of  Minnesota,  a  general  report  of  progress  made  In  the  study  of 
their  field  relations,  with  a  bibliography  of  recent  works  on  the  crys- 
talline rocks;  report  of  fll  V.  Winchell,  field  observations  In  the  iron 
regions;  report  of  17.  8.  Orant,  geological  observations  In  northeast- 
ern Minnesota. 

The  Eighteenth  annual  Bkport,  fob  1889.  234  pp.,  8vo.  Report  of 
further  field  observations  In  the  regions  of  the  crystalline  rocks  of  the 
state  and  in  the  area  of  theorlginal  Hurooian,  by  N.S.  Winchell  ;&oA 
a  review  of  American  opinion  on  the  older  rocks.by^Alexander  WineheU. 

The  Ninktkknth  Annual  Repobt,  fok  1890.  255  pp.,  8vo.;  with 
illustrations.  Translation  of  Borlcky's  elements  of  a  new  Chemlco- 
mlcroscoptc  method  of  analysis  ot  rocks  and  minerals,  and  of  Kloos' 
Geognostlo  and  Geographical  observations  In  Minnesota  in  1877,  by 
N.  H.  Winchell;  Chemical  report  by  Prof.  Dodge;  the  woods  of  Mlnne- 
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80ta,  by  H,  B.  Ayers;  Huseum  and  library  additions;  List  of  meteor- 
Ities  In  the  muaeuniL  Petrt^raphy  aod  geol(«y  of  the  Akeley  Uke 
region,  W.  S.  BayUy;  Ifew  Lower  Silurian  LamelUbmnchlata,  E. 
O.  Ulridt. 

The  Twentieth  Annual  Report,  for  1S91.  344  pp.,  8vo.;  12 
plates  and  33  text  Illustrations.  Summary  statement;  The  crystal- 
line rocks— some  preliminary  consideration b  as  to  their  structures 
and  origin,  by  S.  H.  WiniMll;  Field  notes  in  1690.  by  N.  H.  WindttU; 
Additional  rock  samples  to  illustrate  notes,  by  N.  H.  WindneU;  Field 
observatioDB  on  certain  granitic  areas  in  Dortheastern  Minnesota,  by 
TJ.  8.  Grant,"  Catalogue  of  rock  specimens,  by  V.  8.  Qrajit;  The 
Mesabl  iron  range,  by  H.-  V.  Winchetl;  Sketch  of  the  coastal 
topography  of  the  north  side  of  lake  Superior,  with  special 
reference  to  the  abandoned  strands  of  lake  Warren  [the  greatest 
of  the  late  Quaternary  lakes  of  North  America),  by  A.  C.  ixiu- 
«m,-  Diatomacese  of  Minnesota  iater-Olaclal  peat,  by  B.  W.  Thomaa, 
s  (with  list  of  species  and  some  notes  upon  them,  by  H.  L.  Smith, 
and  directions  for  the  preparation  and  mounting  of  Dlatomacem,  by 
C.  Johnson  and  H.  L.  Smith);  Oxide  of  manganese,  by  N.  H.  Windud; 
Museum  addltiouB;    Additions  to  the  library. 

T^E  Twenty-fikbt  Annual  Rkpokt,  fob  I8fl2.  171  pp.,  8vo.;  2 
'  plates  and  21  text  Illustrations.  Summary  statement  and  compara- 
tive nomenclature,  with  a  table  of  the  Pre-Slluran  rocks  of  Minne- 
sota and  their  equivalents-.  The  geology  of  Eekequabic  lake  In 
nort'heaBtern  Minnesota,  with  B(>eclal  referent  to  an  augite  soda- 
granite,  by  U.  8.  Oranl;  Catalogue  of  rock  specimens,  by  17.  8.  Qrant; 
Field  observations  In  1892,  by  N.  H.  Winehell;  Some  problems  of  the 
Mesabi  Iron  ore,  by  S.  E.  WincheU;  Additional  rock  samples  to  illus- 
trate report,  by  W,  E.  WinchtU;    Additions  to  the  library. 

The  Twenty-second  Annual  Bbfobt,  for  1893  210  pp.,  8vo.:  7  plates 
and  3  text  Illustrations.  Summary  statement;  Preliminary  report  of 
field  work  during  18S3  In  northeastern  Minnesota,  cbiefiy  relating  to 
the  glacial  drift,  by  Warren  Upham;  Preliminary  report  of  Held  work 
during  1893  in  northeastern  Minnesota,  by  U.  8.  Oraiit;  List  of  rock 
samples  collected  In  1893  by  V.  S.  Chant;  List  of  rock  samples  col- 
lected in  1893,  by  A.  D.  Mtedi,  Preliminary  report  of  a  reconnolBsance 
in  northwestern  Minnesota  during  1893,  by  J.  E.  Jtdd;  Notes  on  the 
geology  of  Itasca  county,  Minnesota,  by  Q.  E.  Culver;  Preliminary 
report  of  fleld  work  done  in  1893,  by  J.  E.  Spurr\  List  of  rock  samples 
collected  in  1893,  by  J.  E.  Spurr;  Preliminary  report  of  levelling 
party,  by  C.  P.  Berkeg;  Preliminary  report  of  fleld  work  during  1893 
In  aortheabtern  Minnesota,  by  A.  H.  Elftman;  List  of  rock  samples 
collected  in  1893,  by  A.  H.  Elfiman;  Museum  additions;  Additions 
to  the  library  since  the  report  for  1892;  The  exhibit  of  the  survey  at 
the  Columbian  Exposition,  by  N.  H.  WtTicheU. 

II.    FINAL  REPORT. 

(Distributed  by  the  State  Oeologlst.) 

The  Geology  of  Minnesota.    Vol.  I  of  the  Final  Report.    1872— 

1882  xlv  and  6B7  pp.,  quarto;  illustrated  by  forty-three  plates  and 

llfty-three  Hgures.     By  iV.  H.    Winehell;  assisted  by  Wan-en  Upham. 

Containing  an  historical  sketch  of  explorations  and  surveyslhMinne- 
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sota,  the  geaera)  physical  features  of  the  slate,  tbe  building  Btooes 
aDd  tbe  Geol(%r  of  Houstoa,  Wloooa,  Fillmore,  Mower,  Freeborn, 
Pipestone,  Bock  and  Rice  counties,  by  N.  H.  Winchell;  the  Geology  of 
Olmsted,  Dodge  and  Steele  countlea,  by  M.  W.  Harrington;  and  the 
Geol(«y  of  Waseca,  Blue  £artb,  Faribault,  Watonwan,  Martin,  Cot- 
tODWOod,  Jackson,  Murray,  Nobles,  Brown,  Bedwood,  Yellow  Medi- 
cine, Lyon,  Lincoln,  Big  Stone,  Lac  qui  Farle  and  Le  Sueur  countlea, 
by  Warren  Upham.  Distributed  gratuitously  to  all  public  libraries 
and  county  auditors'  otDces  In  the  state,  toother  state  libraries  and 
state  universities,  and  to  leading  geoli^ists  and  scientific  soclebiea; 
the  remainder  are  held  for  SBle  at  the  cost  of  publication,  (3.50  per 
-  copy  in  cloth, or  S5  In  grained,  half  roan  binding,  upon  application  to 
Prof.  K.  H.  Winchell,  Minneapolis. 

The  Geology  of  Miknesota.  Vol,  II  of  the  Final  Bbfort.  1862— 
1885,  xsiv  and  695  pp.,  quarto;  illustrated  hy  forty-two  plates  and 
thirty-two  figures.  By  JT.  S.  Winchell,  assisted  by  Warren  Upkam. 
Containing  chapters  on  the  Geology  of  Wabasha,  Goodhue,  Dalcota, 
Hennepin,  Bamsey  and  Washington  counties,  by  2f.  H.  WinchelX;  and 
on  Carver,  Scott,  Sibley,  Nicollet,  McLeod,  Renville,  Swift,  Chip- 
pewa, Kandiyohi.  Meeker,  Wrigbt,  Chisago,  Isanti,  Anoka,  Benton, 
Sherburne,  Stearns,  Douglas,  Pope,  Grant,  Stevens,  Wilkin,  Traverse, 
Otter  Tail,  Wadena,  Todd,  Crow  Wing,  Morrison,  MlUe  Lacs,  Kana- 
bec, Pine,  Becker  and  Clay  counties,  by  WarT^n  JJpham.  Distributed 
according  to  law,  in  the  same  manner  as  Vol.  I  above. 

Thb  Paleontology  of  Minnesota.  Vol.  Ill  of  the  Final  Rk- 
FOBT,    In  press. 

in.     MISCELLANEOUS  PUBLICATIONS. 
(Distributed  by  the  State  Qeologlst.) 

1.  CirculabNo.  ].    Acopyof  the  law  ordering  the  survsy,  and  a  note 

asking  the  co-operation  of  citizens  and  others.     1872. 

2.  Peat  fob  Domestic  Fuel.    1874.    Edited  by  S.  F.  Peckhatn. 

3.  Bepobt  of  the  Salt  Spring  Lands  Due  the  State  of  Minne- 

sota. A  history  of  all  oQlcial  transactions  relating  to  them,  and  a 
statement  of  their  amount  and  location.    1874.     By  S.  H.  WintAeU. 

4.  A  Cataloqdb  of  the  Plants  of  Minnesota.    Prepared  In  1865, 

byi,  j1.  Ixip^m,  contributed  to  the  Geological  and  Natural  His- 
tory Survey  of  Minnesota,  and  published  by  the  State  Horticul- 
tural Society  in  1875. 

5.  Circular  No.  2.    Relating  to  botany,  and  giving  general  directions 

for  collecting  infomatlon  on  the  flora  of  the  state.     1876. 
R.     CiRCULAB  No. 3.  The  establishment  and  organization  of  tbe  Museum. 

1877. 
7.      CiBCULAB  No.  4.    Relating  to  duplicates  in  the  Museum  and  ez- 

cbanges.     1878. 

6.  The  Building  Stones,  Cla? s,  Limbs,  Cements,  Boofino,  Flag- 

ging AND  Paving  Stones  of  Minnesota.  A  special  report  by  N. 
H.  WineheU.    1880. 

9.  Circular  No.  5.    To  Builders  and  Quarrymen.     Relating  to  tbe  col- 

lection of  two-inch  cubes  of  building  stones  lor  physical  tests  of 
strength,  and  for  chemical  examination,  and  samples  of  clay  and 
brick  for  the  General  Museum.    1880. 

10.  CiBCULAB  No.  6.    To  ownersof  mills  and  unimproved  water-powers. 

Relating  to  tbe  hydrology,  and  water-powers  of  Minnesota.    1880. 
[The  mlaaelUneoua  publloatloas  are  mostlji  out  of  print.l 
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IV.    BULLETINS. 

(DlBtrlbutfsd  br  Ibe  State  QeolORlat,  except  No.  S.  wblcb  is  distributed  br  the  Stale 
BotHDbt,) 

No.  1.  History  of  Geological  Surveys  la  MiDoesota.  8vo.,  pp.  37.  1889. 
by  N.  H.  H'tncfceM. 

No.  2.  PrelimlDary  description  of  tbe  Perldotytes,  Gabbros,  Diabases 
and  Andesytes  oi  Mlnaeeota.  8vo.,  pp  158;  12  colored  plates- 
1887.    By  M.  E.  Wadgworik. 

No.  3.  Report  o(  work  done  in  Botany  In  tbe  year  1886—1887.  8  vo.,  pp. 
56,    By  J.  C.  ATihiir.    Out  of  print. 

No.  4.  A  SynopslBur  the  ApbldtdES  of  MlanesoU.  8vo.,  pp.  100.  1887.  By 
O.  W.  OeOlund. 

No.  5.    Natural  Gas  In  Minnesota.  8¥o.iPp.  39.   1889.    Bj  N.  H.  WincheU. 

No.  6.  Tbe  Iron  Ores  of  Minnesota.  Tbelr  geology,  discovery,  develop- 
ment, qualities  and  orlKin,  and  comparison  with  those  of  other 
iron  districts,  vrith  a  geological  map,  26  figures  and  44  plates. 
8vo.,  pp.  430.    1891.    By  A.  H.  Winehell  and  fl.  V.  Windm. 

No.  7.  TbeHammatsof  Minnesota.  A.  sclentlScand  popular  account  of 
tbelr  features  und  habits,  with  23  figures  and  eight  plates.  8vo.. 
pp.  300.    1892.     By  C.  L.  Herriek. 

No.  8.  Tbe  A  nortbosytee  of  the  Minnesota  coast  of  Lake  Superior,  by  A. 
C-  Lavison.  The  laccolitlc  sills  of  tbe  northwest  coast  of  Lake 
Superior,  by  A.  (7.  Lamaon.  Prefatory  note  on  the  Nortan  of 
tbe  Northwest,  by  N.  H.  H'mtAeU,  8vo.,  pp.  xxxlv,  48;  7  plaices 
and  8  text  Illustrations.    1893. 

No.  9.  Pabt  I.  Prefatory  note.  On  the  occurrence  of  Sphagnum  atolls 
In  central  Minnesota,  by  Conway  MacMiUan.  Some  extension 
of  plant  ranges,  by  E.  P.  tiheldon.  On  the  nomenclature  of 
.  some  North  American  apecles  of  AstTogalva,  by  E^  P.  Sheldon. 
List  of  tresh  water  AlgsecollectedinMlnnesotaduring  1893,  by 
Joaephi'ne  E.  Tild^n.  On  tbe  polsoDOiis  tnfluenceof  Oypripedium 
wpectabile  and  (^priptdium  pubeiicen»,  by  D.  T.  MacDougai^xo., 
pp.,  1-38.  three  plates.  Jan.  16,  1894. 
Pabt  II.  Nitrogen  assimilation  by  Impifrum  btfemafum,  by  D,  T. 
JUacDougal.  On  the  morphology  of  hepatic  elaters,  wltli  special 
reference  to  branching  elaters  of  Voiuxxphalta  amicug.  by  J. 
E.  Tilden.  Revised  descriptions  of  the  Minnesota  ..jatrngolt.  by 
E.  P.  Sheldon.  Synonymy  of  the  North  American  species  of  Jun- 
code*,  with  further  nomenclatural  notes  on  Astragalua,  by  E.  P. 
Sheldon.  Further  extensions  of  plant  ranges,  by  E.  P.  Sheldon. 
Determinations  of  some  Minnesota  licbene  by  W.  D.  Fnmt. 
8vo.,  pp.  39-86,  three  plates.  March  21,  1894. 
Pakt.  III.  A  revision  of  the  Macmaua,  with  special  reference 
to  species  reported  from  North  America,  by  Boime  Pound.  Re- 
vision of  the  Minnesota  grasses  of  the  tribe  Bordeae  by  PrantMi 
Bainaln.  A  x>QrIlminary  list  of  the  North  American  species  uf 
Astragcava,  by  E.  P.  Sheldon.  8vo.,  pp.,  86-176.  June  8,  1894. 
Fart  IV.  On  a  new  registering  balance,  by  A.  P.  Ander»on. 
On  a  new  electrical  auxanometer  and  continuous  recorder,  by 
W.  D.  Frost.  Titles  of  literature  concerning  the  fixation  of 
free  nitrogen  by  plants,  by  D.  T.  JfacDougiof.  Svo.pp.  177-2^ 
four  plates.    Sept.  27,  1894. 

No.  10.  Thelron-BearingBoclcsoftheMesabiRangeln  Minnesota.  With 
22  figures  and  12  plates.  8vo.,p.  vlll,^6.  1894.  byJ.Ed*oaTd 
tfpurr. 

V.    BOTANICAL  SERIES. 

(Distributed  by  the  9thte  Botanist.) 


VL    ZOOLOGICAL  SBRIES. 
(DUlrlbuUd  b;  tbe  State  Zoologist.} 
FiBST  Bbpobt  or  THB  Statb  Zoolooist,  accompanied  with  ootes  od  the 
blrdsof  Minnesota,  by  P.  £.  Hatch.   8vo.,pp.  38?.    IS92. 
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ADDRESS. 

Minneapolis,  Minn.,  Dec.  20,  1694. 
To  the  President  of  the  Board  of  Segents: 

Dear  Sib — I  have  the  honor  and  the  pleasure  of  tendering 
herewith  the  twenty-third  annual  report  of  the  Geological 
aad  Natural  History  Survey,  so  far  as  pertains  to  the  progress 
made  in  the  geological  department  thereof,  accompanied  by 
some  statements  respecting  the  GJeneral  Museum  and  the 
library  accessions. 

Respectfully  submitted, 
N.   H.  WINCHELL. 
State  (Geologist  and  Curator  of  the  General  Museum. 
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SUMMARY  STATEMENT. 

The  work  of  the  year  has  conaisted  chiefly  in  the  study  and 
arrangement  of  field-ndtes  and  collateral  data  and  the  prelim- 
inary examination  of  some  of  the  specimens  collected.  Some 
of  the  final  maps  and  manuscripts  have  also  been  prepared. 
Contour  lines,  based  on  the  baromotic  and  other  levels  obtained 
by  the  survey,  have  been  placed  on  most  of  the  township  plats. 
The  geological  boundaries  having  been,  in  the  main,  determined 
with  sufficient  exactness  by  the  field  work  of  1693,  it  remains 
only  to  draft  the  final  sheets  and  compare  and  adjust  all  the 
data  for  the  final  report.  This  is  progressing  as  fast  as  possi- 
ble. Prior  to  the  final  description  of  the  formations,  all  the 
field  specimens  must  be  examined  more  carefully  than  it  has 
yet  been  possible  to  do.  This  is  a  tedious  and  technical  pro- 
cess in  which  chemical  and  microscopical  methods  are  followed. 

During  the  year  considerable  labor  has  been  put  on  a  re- 
consideration of  the  general  classification  of  the  rocks  of  the 
lake  Superior  region,  involving  the  study  of  some  more  remote 
collateral  questions.  This  has  been  done  preparatory  to  the 
correct  grouping  and  naming  of  our  oldest  formations.  This 
labor  is  not  yet  finished,  and  will  not  be  till  the  final  report  is 
completed,  as  it  is  a  continuous  and  progressive  development, 
which  has  such  wide  scope  that  all  geologists,  who  are,  or  have 
been,  at  work  on  the  rocks,  are  contributors  to  the  result. 

The  economic  development  of  important  interests  in  the 
northern  part  of  the  state  has  been  constantly  observed  and 
noted.  This  repeated  appearance  of  new  and  interesting  geo- 
logic features  incident  to  such  development  tends  to  delay  the 
progress  of  the  work  toward  the  closing  up  of  the  investiga- 
tion. It  becomes  necessary  to  re-examine  the  localities  where 
these  new  developments  spring  up  in  order  to  embrace  the 
facts  in  the  general  discussion.  The  recent  discovery  of  con- 
siderable quantities  of  gold  in  the  vicinity  of  Rainy  lake  led  to 
one  of  these  new  developments.     The  survey,  while  it  is  in 
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active  progress,  also  incurs  a  certain  obligntion  to  examine  and 
report  npon  such  interests,  in  order  to  furnish  to  the  public 
authentic  information.  Such  information  serves  to  correct  the 
wild  rumors  that  sometimes  get  started,  and  often  prevents  the 
waste  of  ill-guided  exploration  by  directing  would-be  investors 
in  the  essentials  of  profitable  enterprise.  In  the  months  of 
September  and  October  an  examination  was  made  of  this  re- 
gion by  Dr.  U,  S.  Grant  and  Mr.  H.  V.  Wincbell,  and  their  joint 
report  on  the  same  is  embraced  in  the  following  pages.  The 
assays  which  have  been  made  of  specimens  procured  by  them 
in  the  field  warrant  the  statement  that  gold  exists  in  the  Kainy 
lake  region,  in  some  places  in  sufficient  quantities  for  success- 
ful quartz  mining.  These  localities  are  near  the  International 
boundary  line,  and  mostly  in  Canadian  territory.  There  are 
some  encouraging  locations  within  Minnesota  territory.  The 
interest  that  has  been  aroused  on  this  subject  has  attracted 
many  to  the  district,  resulting  in  the  creation  of  several  town- 
sites  which  have  several  hundred  inhabitants,  as  well  as  draw- 
ing attention  to  the  fine  agricultural  lands  of  the  Rainy  river 
valley,  and  to  other  natural  resources. 

Volume  III  of  the  final  report  is  still  in  the  printer's  hands- 
It  has  been  delayed  in  completion  by  several  unavoidable 
causes,  but  principally  by  a  change  in  plan  as  to  the  amount  of 
paleontology  it  should  contain.  It  was  decided  to  embrace  a 
report  on  the  gasteropods  and  cephalopods  of  the  Lower  Silu- 
rian, with  the  necessary  plates.  This  would  so  enlarge  the 
volume  that  it  was  thought  best  to  put  it  up  in  two  "parts," 
and  it  will  be  so  published.  During  the  last  year  there  have 
been  published  independently  some  of  the  chapters  of  this  vol- 
ume, viz.: 
Chapter  VII.    The  Lower  Silurian  Oadracoda  nf  Minnesota.     By  E.  O. 

Ulrich.    Pp.  629-693,  4  plates:  published  July  24,  1894. 
Chapter  VIII.    The  Lower  Silurian  trllol»Ites  of  Minnesota.   By  /oftn  M. 

Clarke.    Pp.  694-7ft9.  with  82  ngurea  in  the  text;  publUhed  Sept 

21,  1894. 
The  twenty-second  annual  report  has  also  been  published- 
The  collaborators  OQ  the  survey  have  published  elsewhere  the 
following  contributions,  devoted  mainly  to  the  geology  of  the 
state  and  of  the  northwest. 
The  flshiog  banks  between  cape  Cod  and  Newfoundland.    Warren  Up- 

kam.    Amer.  Jour.  Sci.,  3,  vol.  xlvll.  pp,  123-129,  Feb.,  1894. 
Diversity  of  the  glacial  drift  along  its  boundary.     Warren  Vpham.     Ibid., 

3,  vol.  siTii.  pp.  358-365,  May,  1894. 
British  drift  theories.     Warren  Upfuim.    Amer.  Geol.,  vol.  xlii,  pp.  275- 

279,  April,  1894. 
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Tertiary  and  early  QuaterDsry  baBelevellng  In  Minnesota,  Manitoba  aQd 

northwestward.    Warren  VphMm.  Ibtd.,  toI.  xIt,  pp.  235-246,  Oct., 

189*. 
Tertiary  and  Quaternary  stream  erosion  in  North  America.   (Abstract.) 

TTarren  VjAam.     Amer.  Ass.  Ad.  Scl.,  vol.  xlil,  pp.  181-133,  1894. 
Fleistoceueclimatlcchanges.    WarrenVpham.    Geol.  Mag.,  uewser.,dec. 

4,  vol.  1,  pp.  340-349,  Aug.,  1894. 
Wave-like  progress  ot  ao  epetrogeotc  uplift.    Warrtn  Vpham.    Journ.  of 

Geol.,  vol,  11,  pp.  363-395,  May-Juue,  1894. 
The  epeirogeuic  theory  of  the  causes  of  the  Ice  age.     Warren   Upham. 

GlaciallBts'  Mbk..  vol.  1,  pp.  211-217,  May,  1894. 
Quaternary  time  divisible  In  three  periods,  the  Lafayette,  the  Glacial  and 

Recent.     Warren  Upham.     Amer.  Nat.,  vol.  zzvlll,  pp.  979-988, 
■     Dec.,  1894. 
Svldencefi  of  superglaclal  eskers  In  Illinois  and  northward.     Warren  Up- 
ham.   Amer.  Geol.,  vol.  xlv,  pp.  403-406.  Dec.,  1894. 
Composite  generic  fundanieuta.    John.  M.  Clarke.    Amer.  Geol.,  vol.  xili, 

pp.  286-2?9,  Apr.,  1894. 
A  meiicau  species  of  Autodetue,  and  some  paramorpbic  shells  from  the 

DeTonJan.    John  M.  Clarke.    Amer.  Qeol.,  vol.  xill,  pp.  3Z7-335, 

May,  1894. 
Early  stages  of  Bactrites.    John  M.  Clarke.    Amer.  Geol.,  vol.  xlv,  pp.  37- 

43,  pi.  2.  July,  18S4. 
Nanno,  a  new  cephalopodan  type.  John  X.  Clarke.  Amer  Geol.,  vol.  zlv, 

pp.  205-208,  Oct.,  1894. 
Artesian  water-supply  for  Minneapolis.    2f.  H.  WineheU.    [A  letter  to  the 

Oity  Oouncll]-    Id  the  official  proceedings  of  the  Oouucll,  aad  in 

the  Evening  Spectator,  MlnneapollB.  Aug.  25, 1894. 
The  Oolumblan  Exposition.    Some  special  state  exhibits  of  the  crystal 

line  rocks.    JV.  H.  WincheU.    Amer.  Geol.,  vol.  xlv,  pp.  106-113' 

Aug.,  1894. 
The  origin  of  spheroidal  basalt.     N.  H.  WineheU.    Amer.  Qeol.,  vol.  xlv, 

pp.  321-326,  Nov.,  1894. 
Sketchof  Dr.  John  Locke.    N.  H.- WineheU.    Amer.  Geol,,  vol.  xlv,  pp. 

341-366,  [portrait],  Dec,  J894. 
A  new  meteorite,  Minnesota  No.  1.    N.  H.  Winckdl.    Amer.  Geol.,  vol. 

xlv,  p.  389,  Dec,  1894. 
A  sketch  of  geoli^lcal  InvestlKatioDs  In  Minnesota.  JV,  if.  Win(3UlX.  Jour. 

of  Geo!.,  vol.  II,  Nov.,  1894. 
The  state  of  HiDoesota.     JJ.  8.  Grant.      Compte  Rendu  de  la  5nie  Session 

du  CoDgresgeologiquelnternatlonal.pp.  302-311,  Washington,  1893. 
AJthough  the  years  1893  and  1894  have  witnessed  a,  general 
and  severe  financial  depression,  the  development  of  the  iron 
ores  of  the  state  has  been  unabated.  The  shipments  during 
1893  were  739,919  tons  from  the  Mesabi  range  and  820.621  tons 
from  the  Vermilion  range.  Per  1894  the  Mesabi  range  pro- 
1,790,000  tons  and  the  Vermilion  range  about  1,000,000  tons. 
A  more  detailed  statement  is  given  on  another  page  of  this 
report. 
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II. 

THE  ORIGIN  OF  THE  ARCHEAX  GREENSTONES. 

By   X.   H.   WiNCHELL. 

la  the  tweatietb  annual  report  tbe  writer  presented  some 
.  "preliminary  considerations  as  to  the  structures  and  origin  of 
the  crystalline  rocks."  In  the  progress  of  that  discussion  he 
had  occasion  to  make  reference  (pp.  20-35)  to  the  Archean 
greenstones.  Attention  was  directed  to  their  anomatons  char- 
acter, their  stratigraphic  position,  and  to  the  limited  scope  of 
the  philosophy  which  assigns  them  to  a  changed  condition 
of  basic  irruptives  through  the  action  of  dynamic  metamor- 
phism. 

In  the  further  consideration  of  the  same  subject  it  became 
necessary  to  study  more  carefully  the  work  of  Dr.  Geo.  H.  Wil- 
liams,  in  his  valuable  contribution  to  the  geology  of  the  north- 
west, then  lately  published.* 

The  tendency  of  the  conclusions  reached  by  Dr.  Williams  is 
to  refer  the  greenstones  as  a  body  to  dynamic  metamorphism 
of  massive  irruptive  rocks.  Some  of  the  crucial  issues  of  this 
investigation,  as  they  appeared  to  the  writer  were  brought 
out  in  that  former  discussion,  which  offered  a  preliminary  dis- 
sent from  this  conclusion,  and  which  presented  tbe  bearing  of 
some  importaat  broad  considerations  which  indicated  in  gen- 
eral a  sedimentary  origin  for  the  mass  of  the  greenstones.  The 
writer  has  also  briefly  referred  to  this  subject  in  a  paper  on 
the  greenstone  agglomerate  at  Ely,  Minn.f 

The  following  pages  will  be  devoted  to  a  critical  examination 
of  the  published  work  of  Dr.  Williams,  based  mainly  on  the 
facts  presented  by  himself,  but  partly  on  the  writer's  own  ac- 
quaintance with  the  regions  described  by  him. 

•The  ontnitone  tctilit  artat  of  Vie  iltnomiaa  and  MarqueUt  regfam  of  AficfifmUl.'a  conM- 
fiuClon  to  tl\t  tuhiect  i)f  iynamit  mtiamiirpMtm  In  traptiet  roefM,  b;  Giobgb  Huktinqtoh 
WiLMAHH,  «!tb  aalntroduotloQ  by  Roland  Dckr  Ihvino.  (Bullptln  Hot  the  0.  F. 
OeolaglcHl  Survey.  Woshlngtoa.irao,  pp.  24J,  and  le  pliites).  Received  by  tbe  writer 
March  S.IWI. 

tTheKawlBlilwIn  agglomeraM  atEly,  MLnn..  Amer-OiKil.  vol.  1x,  pp.  aSfr-SSB,  USC 
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It  was  in  April,  1893,  that  this  review  was  begun  by  the 
writer.  He  has  devoted  to  it  such  hours  as  have  been  free 
from  other  duties,  at  irregular  intervals,  until  it  has  assumed 
the  proportions  of  a  chapter  far  beyond  the  magnitude  which 
was  contemplated.  The  writer  is  conscious  that  the  work  is 
one  of  the  chefs  d'oeuvres  of  the  U.  S,  Geological  Survey,  and 
that  it  has  already  had  a  powerful  Inftaence  in  directing  the 
sentiment  of  all  geologists  who  have  not  specially  interested 
themselves  in  this  question.  It  is  not  expected  that  this  criti- 
cism will  counteract  that  tendency  to  any  Important  degree. 
It  will  require  another  similar  treatise,  prepared  with  equal 
ability  from  a  different  point  of  view,  to  effect  that  result  In 
the  meantime,  however,  as  the  writer  in  the  course  of  his  study 
of  the  crystalline  rocks  of  the  state,  comes  upon  this  question, 
he  is  forced  to  consider  it  before  he  can  proceed  with  his  Jur- 
ther  studies.  Not  being  ready  to  accept  some  of  the  leading 
conclusions  reached  by  the  author  respecting  the  greenstones 
of  the  regions  discussed,  it  appears  to  be  necessary  to  present 
in  some  detail  the  objections,  and  the  reasons  therefor,  which 
he  entertains 

The  greenstones  are  the  bete  noire  of  the  geologists  of  the 
crystalline  rocks,  and  he  who  attacks  them  should  consider 
well  the  hazard  before  he  lets  fly  his  first  sling.  The  work  of 
the  writer  on  these  ambiguous  rocks  has  been  largely  in  the 
field,  but  supplemented  with  laboratory  and  library  studies, 
and  he  has  experienced  some  fiuctuations  in  his  views  as  to 
their  origin  from  time  to  time  as  he  received  new  evidence.  At 
first  disposed  to  class  them  among  clastic  rocks,  the  derivation 
of  whose  sediments  he  considered  problematical  and  did  not 
venture  to  inquire  into,  he  was  induced  later  by  the  preponder- 
ating testimony  and  judgment  of  microscopical  litbologists,  to 
theoretically  group  them  as  eruptive  in  order  to  justify  what  he 
thought  a  necessary  postulate  respecting  some  of  their  attend- 
ants. After  further  and  prolonged  examination  in  the  field,  ac- 
companied by  some  studies  of  their  microscopical  structures — 
his  own  and  those  of  others — he  was  compelled  to  return,  in  a 
large  measure,  to  his  original  opinion.  His  present  belief  is, 
therefore,  that  the  great  bulk  of  the  "greenstones"  as  an  Arche- 
an  terrane,  ought  to  be  classed  as  pyro-clatitic,  i.  e. ,  that  they  or- 
iginated from  eruptive  agencies,  as  tuff  and  all  kinds  of  vol- 
canic debris  sometimes  very  coarse,  and  were  distributed  and 
somewhat  stratified  by  the  waters  of  the  ocean  into  which  the 
materials  fell.    That  there  would  have  been,  and  that  there  is 
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evidence  to  show  that  there  was,  in  coojUDCtioii  with  such  vol- 
canic outbursts,  an  occasional  escape  from  the  same  vents,  of 
liquid  lava,  he  is  quite  ready  to  admit,  but  he  considers  these 
as  subordinate  features,  and  with  great  difficulty  identifiable. 
He  would  reverse  the  main  conclusion  of  Dr.  Williams  as  to 
the  comparative  amounts  of  these  two  sorts. 

With  this  brief  statement  of  the  point  of  view  from  which 
this  review  is  written,  and  an  acknowledgment  of  his  indebted- 
ness to  Dr.  Williams  for  many  fruitful  ideas,  and  of  patriotic 
pride  in  the  capacity  which  be  has  shown  as  an  American  ge- 
olo^st  in  the  production  of  so  thoughtful  and  learned  research 
in  this  difficult  field,  the  writer  desires  simply  to  call  attention 
to  some  of  the  passages  in  the  interpretation  of  facts  aod  in  the 
scope  of  the  philosophy  of  the  bulletin,  which  appear  to  be 
faulty,  fundamentally,  and  therefore  to  impair  materially,  the 
validity  of  the  author's  conclusions. 

As  to  the  interpretation  of  facts,  it  will  be  convenient  to  di- 
vide them  into  (a)  megascopic,  and  (b)  microscopic. 

As  to  the  authorls  use  of  the  theory  of  "dynamic  metamorph- 
iam,"  we  shall  present  some  considerations  under  the  following 
divisions,  viz:  (a)  dynamic  metamorphism  as  a  theory,  calling' 
attention  to  an  essential  difference  between  reconstructive 
metamorphism  and  a  retrogressive  mineral  change  such  as 
shown  by  the  greenstones  and  the  green  schists,  (b)  The 
greenstones  as  a  geological  terraue. 

(a)      MEGASCOPIC  PACTS  NOT   NOTED   OR   MISINrEBPRETED 

First  and  chiefest  amongst  the  megascopic  facts  here  to  be 
mentioned  is  the  wide  and  almost  universal  stratiform  struc- 
ture which  can  be  seen  in  the  greenstones  of  the  lake  Su- 
perior region.  It  is  true  that  the  author  confines  his  discussion 
strictly  to  the  Marquette  and  the  Menominee  regions,  and  is  not 
presumably  responsible  for  facts  that  are  to  be  found  in  other 
parts  of  the  region.  It  is  reasonable,  however,  that  an  author 
who  draws  broad  conclusions  respecting  a  rock  terrane  which 
extends  over  many  districts,  should  be  held  Eiccountable  to  all 
the  facts  that  may  be  found  characteristic  of  that  terrane 
throughout  its  extent.  If  the  interpretation  which  he  finds 
sufficient  for  the  facts  in  the  area  which  he  examines  be  not  suf- 
ficient to  cover  the  essential  facts  pertaining  to  the  same  ter- 
rane in  another  part  of  the  region,  his  conclusions  are  faulty 
and  must  be  amended  or  abandoned.  In  this  case  shelter  can- 
not be  taken  from  this  responsibility  by  suggesting  that   the 
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greenstone  schist  belts  of  the  Archean  in  Minnesota,  or  of  Cana- 
da, or  even  of  Europe,are  possibly  not  in  the  same  stratigraphic 
series,  and  may  therefore  not  have  a  similar  origin  and  history, 
for  the  stratigraphic  place  of  the  Archean  greenstones  here  dis- 
cussed is  well  ascertained,  and  has  been  avouched  to  be  the 
same  not  only  throughout  the  northwestern  states,  but  in 
European  countries  wherever  their  taxonomic  place  has  lately 
been  determined.  They  constitute  the  uppermost  of  the  three 
grand  stratigraphic  divisions  of  the  Archean.*  This  was  in- 
volved in  the  final  conclusion  of-  Prof.  Irving  respecting  this 
(Marquette)  region  (p.  19),  and  had  Ijefore  been  announced  dis 
tinctlyby  N.  H.  Winchell  for  the  greenstones  of  the  Archean 
in  Minnesota-!  However,  whatever  their  stratigraphic  po- 
sition, or  their  age,  the  scope  of  the  investigation  is  stated  by 
Prof.  Williams  to  be  such  as  "to  discover  if  possible  the  origin 
of  the  greenstone  schists  of  the  lake  Superior  region."  (P.  31). 
This  he  enters  upon,  however,  with  an  evident  preconceived 
determination  to  make  the  investigation  a  contribution  to  the 
metamorphism  of  eruptive  masses.     (P.  30). 

Now  the  general  stratiform  structure  which  these  greenstones 
present,  and  their  evident  megascopic  fragmental  character 
can  be  seen  in  many  places  about  Marquette  and  also  quite 
distinctly  at  the  Lower  Qninnesec  falls  on  the  Menominee 
river.  Indeed,  Prof.  Williams  himself,  as  noted  by  Prof.  Irv- 
ing in  his  introductory  note  (p.  23),  ascribes  the  most  of  the 
greenstones  of  the  Marquette  area  to  a  "surface  origin,"  as 
contrasted  with  a  deep-seated  irruptive  origin,  their  original 
condition  havinir  been  that  of  a  volcanic  tuff,  and  Dr.  Wil- 
liams himself  admits  that  the  northern  area  of  greenstone  at 
Marquette  is  of  sedimentary  origin.  In  the  Menominee  area, 
^here  these  rooks  are  described  as  exhibiting  little  or  nothing 
that  points  to  sedimentary,  or  surface,  origin,  is  a  large  ex- 
posure of  plainly  fragmental  rock.  This  fact  was  noted  by 
Dr.  M.  E.  Wadsworth  in  a  recent  reportj  in  the  following 
terms: 

Id  tbis  coDoectloD  it  m%?be  well  to  correct  a  very  striking  error  in  WU- 
ilams'a  work.  Id  wblcb  be  deecrlbes  tbe  transition  of  eruptive  diabases 
into  sericitlc  schists  at  tbe  Lower  Quinoesec  falls.  This  error  is  appar- 
ently due  to  a  failure  to  observe  the  well-marked  conglomeratic  structure 
of  the  rock  ou  tbe  Mlcblgaa  side  of  the  falls,  wblcb  shows  that  the  main 

•UiCHEL  LavT:  Surrorlglae  dee  terrains  cristall Ids  prim Itlts.  lai.Coug.  Geo).,  Lou- 
itoQ  msetlDg,  1888  <I8SIJ.    Pp.  117-tlB. 
t  Sevent^ODtb  Minnesota  Beport.  pp.  43-M. 
?  Report  or  Ihe  State  Bourd  of  Oeologlcal  Survey  of  Mlchlgaa,  181«,  p.  US. 


.,  Goo»^lc 


8  TWENTY-THIRD  ANNUAL   REPORT 

rock  at  these  falls  Is  not  a  massive  eruptive  diabaae  or  diorlte,  but  a  por- 
odite  (ao  old  eruptive  ash  or  conglomerate).  •  *  •  ■  Of  the 
fragmeatal  and  conglomeratic  oature  of  the  rock  no  one  caa  possibly 
doubt  after  studylotc  It  od  the  Micbigan  aide,  below  the  falls,  and  then 
tracing  it  back  Into  the  flner-grained  and  more  compact  part  near  the 
bridge.  So  good  an  observer  us  Williams  could  hardly  have  been  led 
astray  if  he  bad  examined  the  whole  ground.  A  similar  mistake  seems 
to  have  occurred  st  tbe  upper  Qulonesec  falls. 

Under  the  guidance  of  Dr.  Wadsworth  a  party  of  about 
twenty  geologists,  makiDg  aa  excursion  from  the  late  sessious 
of  the  Geological  Society  of  America  and  of  the  American  As- 
sociation for  the  Advancement  of  Science,  at  Madisoa,  1893, 
visited  and  inspected  the  very  place  to  which  Dr.  Wadsworth 
here  refers.  It  is  perhaps  an  eighth  of  a  mile  below  the  bridge 
{and  the  falls)  on  the  left  bank  of  the  river.  The  trees  have 
been  removed  and  the  rock  is  bare  in  many  places.  Scattered 
through  the  greenstone  are  numerous  pebbles  or  small  boul 
ders,  mainly  of  a  nature  similar  to  that  of  the  rock  embracing 
them,  but  sometimes  much  more  siliceous.  Tbey  are  so  nu- 
merous as  to  be  in  contact.  Rudely  stratified  patches  occur, 
and  in  one  case  a  considerable  outcrop  of  jaspilitic  silica,  with 
cloudings  of  color  (red  and  purple),  stands  out  to  view.  There 
seemed  to  be  a  general  concord  with  the  criticism  made  by  Dr. 
Wadsworth.  It  was  quite  evident  that  here  was  a  considerable 
aiea  of  plainly  fragmental  rock  embraced  in  the  greenstone  of 
the  Lower  Quinnesec  falls  Indeed  the  general  appearance, 
not  only  here  but  at  most  points  at  these  falls,  observed  by  the 
writer  on  the  occasion  of  this  visit,  was  not  unlike  many  occur- 
rences which  might  be  referred  to  in  Minnesota.  It  is  simply 
a  question  of  weight  of  evidence— as  between  the  eruptive 
characters  and  the  fragmental.  CJonfessedly  Dr.  Williams  did 
not  find  any  characters,  even  microscopic,  of  undoubted  nature, 
in  this  rock  which  would  ally  it  with  certainty  to  the  eruptives- 
But  all  the  indistinct  microscopic  evidence  adduced  can  plausi- 
bly be  explained  on  the  supposition  of  a  fragmental  origin  for 
the  whole.  On  the  other  hand  the, rock  presents,  as  stated 
above,  certain  unmistakable  evidences  of  original  fragmental 
nature.  These  unquestiouable  evidences  carry  great  weight 
as  against  certain  hypothetical  microscopic  structures,  which 
can  easily  be  accounted  for  on  the  supposition  of  an  original 
fragmental  origin.  Hence  the  rock  at  the  Lower  Quinnesec 
falls,  or  the  greater  part  of  it,  can  he  classed  with  the  tufa- 
ceous  greenstones  of  the  Marquette  region  which  Dr.  Williams 
allows  to  have  had  a  sedimentary  origin. 
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In  connection  with  the  interpretation  of  the  megascopic  fea- 
tures of  these  greenstones.  Dr.  Williams  fails  to  note  imitortant 
distinctions.  There  are,  a  priori,  various  kinds  of  lamination, 
of  banding,  of  schistose  structure  and  of  foliation,  and  they 
have  different  causes,  but  Dr.  Williams  refers  to  them  all  with 
indifference,  and  assigns  them  all  to  dynamic  pressure  and 
shearing.  The  only  exception  to  this  is  seen  in  the  case  of  the 
"banded  greenstones"  north  of  Marquette.  Here  the  stratifi- 
cation is  so  evident  that  the  author  admits  it  is  a  sedimentary 
structure,  although  it  resembles  in  many  respects,  and  in  its- 
intimate  structure  grades  into,  that  banding  aud  schistosity 
which  characterize  the  greenstones  in  other  parts  of  the  Mar- 
quette area  regarded  by  the  author  as  of  dynamic  origin. 
Some  of  these  structures  are  certainty  due  to  pressure  and 
shearing,  even  in  the  rocks  at  the  Lower  Quinnesec  falls,  but 
some  of  the  others  are  not.  This  general  confusion,  and  lack 
of  appreciation  of  these  different  structures,  may  be  illustrated 
by  the  use  made  of  the  rock  specimen  figured  on  page  81,  re- 
produced below. 


Great  stress  is  laid  on  the  open  transverse  fissures  or  gashes 
which  appear  as  in  the  figure  on  the  weathering  out  of  some 
of  the  secondary  minerals  on  the  face  of  the  rock  wall  of  the 
"gabbro  ridge"  of  Brooks  (dioryte  ridge  of  Williams),  but  no 
mention-  whatever  iz  made  of  the  light  colored  band  which 
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many  feet  or  even  many  rods,  and  until  the  exposed  surfaces 
become  hid  from  view.  This  feature  of  Dr.  Williams'  philoso- 
phy, however,  will  be  examined  separately.  We  here  only  al- 
lude to  it  as  it  is  involved  in  his  attempt  to  account  for  some  of 
the  magoscopic  features  by  hypotheses  somewhat  novel  and 
ill-founded.  We  are  aware  that  during  the  last  ten  years  great 
progress  has  been  made  in  deciphering  these  "parallel  struc- 
tures" of  rocks,  and  in  assigning  them  to  their  causes.  Id  this 
progress  it  has  been  shown  that  in  many  instances  "certain 
parrallel  structures"  have  been  mistaken  for  sedimentary  struc- 
ture. Some  extreme  statements  have,  however,  been  made, 
to  the  effect  that  a  parallel  banded  structure  of  differing  com- 
position and  varying  fineness  of  grain  is  no  evidence  whatever  of 
an  original  eedimentary  origin  But  such  wild  afSrmations,  in 
the  face  of  a  nniform,  worldwide  experience  and  testimony  to 
the  contrary,  carry  with  themselves  their  own  refutation.  It 
would  hardly  be  more  absurd  to  affirm  that  there  is  no  such 
thing  as  a  sedimentary  structure.  It  remains  to  be  seen  whether 
some  of  the  "banding"  which  petrographers  have  ascribed  to 
other  causes  may  not  still  have  been  primarily  of  sedimentary 
origin. 

It  is  a  singular  fact,  and  one  which  is  responsible  for  numerous 
errors  of  observation  and  interpretation,  that  stratification  and 
cleavage  are  frequently,  and  prevailingly,  parallel  in  the  same 
rock  mass.  When  they  cross  each  other,  as  they  do  in  some 
important  areas  in  northeastern  Minnesota,  they  are  seen  to 
diverge  also  in  the  proper  characters  by  which  they  are  separ- 
ately identifiable,  and  each  can  be  fully  described  by  itself.  But 
the  well-nigh  universal  fact  that  they  agree  in  direction  is  a 
significant  index  of  a  certain  common  history,  pointing  to  a 
participation  in  some  common  experiences.  Now  this  direction 
is  usually  broadly  parallel  to  the  ancient  shore-lines  of  the  ad- 
jacent land  areas.  The  increments  of  land  to  the  continent 
were  marked  by  pressure  and  upheaval,  which  would  not  only 
be  felt  most  markedly  along  the  previous  lines  of  weakness  in 
the  crust  coincident  with  the  strike  of  the  sedimentation,  but 
would  at  the  same  time  produce  a  parallel  scbistoslty  in  the 
rocks  so  raised  above  the  sea.  The  latest  of  the  Archean  form- 
ations is  the  Kawishiwin  and,  as  it  shows  both  of  these  struc- 
tures, itmust  have  shared  in  this  common  experience.  In  other 
words,  it  must  have  been  amenable  to  the  same  influences  as  an 
oceanic  terrane.  and  it  must  therefore  have  had  the  widespread 
distribution  of  an  oceanic  terrane  rather  than  the  erratic  and 
restricted  distribution  of  an  irruptive  one. 
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In  the  descriptiOD  of  the  greenstones  seen  at  the  Lower 
Quinnesec  falls  Dr.  Williams  calls  attention  to  some  patches  of 
porphyrltic  rock,  and  he  is  Impressed  with  what  he  consider^ 
an  anomalous  condition  of  these  feldspar  crystals,  viz.,  they 
do  not  show  the  degradational  change,  to  that  degree  which 
prevails  in  the  rest  of  the  rock.  He  strives  to  account  for  this 
in  the  following  way : 

I  know  of  Qo  way  of  interpreting  this  pheaomenon,  subataotlabed  by  so 
many  instances,  except  by  supposing  that  the  pressure  which  acta  pow- 
erfully in  sUmulatlng  chemical  action  In  the  solid  rocfc,  is  relieved  io  the 
harder  graios  of  a  crushed  band,  since  ttiese  are  able  to  chaDge  their  posi- 
tions by  slipping  among  the  softer  materials.  *  •  «  The  occur- 
rence of  the  freshest  feldspar  la  the  most  crushed  rock  must  be  r^arded 
as  the  rule.     (P.  88.) 

In  another  instance,  in  discussing  certain  acid  rocks  at  Mar- 
quette (p.  1 60),  the  author  finds  both  quartz  and  feldspar  grains 
in  a  rock  which  has  undergone  such  dynamic  action.  The  for- 
mer is  stretched  and  broken,  bub  the  latter  is  fresh,  rigid  and 
unchanged,  and  does  not  :show  evidence  of  great  pressure. 
Here  also  the  general'  principle  which  above  is  found  to  per- 
vade the  greenstones  when  porphyritic,  is  subjected  to  the 
anomalous  hypothesis  that  feldspar  is  more  enduring  under 
pressure  than  quartz.  But  it  is  hard  to  believe  that  the  feldspar 
endured  the  shearing  and  elongating  action  when  the  quartz 
was  thus  crushed.  Under  the  supposition  that  the  large  grains 
were  "able  to  change  their  position  by  slipping  amongst  the 
softer  materials,"  the  query  naturally  arises,  why  could  not 
the  quartz  grains  as  easily  slip  from  their  places  and  avoid  the 
pressure  as  the  angular  feldspar  grains?  It  is  perhaps  more 
probable  that  the  quartzes  were  original  and  that  the  feld- 
spars were  produced  by  the  chemical  action  incident  to  the 
later  dynamic  forces. 

This  porphyritic  structure  at  the  Quinnesec  falls  is  not  com- 
mon. The  ma§s  of  the  rock  is  destitute  of  it.  Its  fortuitous 
and  limited  occurrence  suggests  that  it  is  not  an  original  struc- 
ture of  the  rock.  A  porphyritic  magma  would  be  likely  to  be 
wholly,  or  at  least  widely,  porphyritic  on  cooling — at  least  if  it 
moved  in  such  quantity  as  to  produce  the  greenstones  of  the 
region.  It  is  hence  reasonable  to  suppose  that  the  chemical 
activities  were  sufficiently  "stimulated"  in  this  greenstone 
mass,  by  the  shearing  movements  to  which  ir>  has  been  incon- 
testibly  subjected,  after  consolidation,  to  produce  the  sporadic 
porphyritic  areas  which  it  now  manifests.  This  would  allow 
not  only  the  local  partial  recrystalliaation.  but  would  also  give 
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opportunity  for  any  later  disturbaQces  to  fracture  to  some  ex- 
tent the  porphyritic  feldspars,  as  described  by  the  author,  while 
still  leaving  them  comparatively  fresh  or  even  building  out 
their  periphyries.  It  would  also  relieve  the  anomaly  of  sup- 
posing that  feldspar,  in  some  cases  though  not  in  all,  substan- 
tially remains  intact  under  such  dynamic  action  as  the  author 
appeals  to,  and  it  would,  further,  account  for  the  occurrence  of 
these  porphyritic  feldspars,  which  in  other  places  Dr.  Williams 
seems  to  have  determined  tobealbite  (pp.  156, 157),  prevailingly 
in  those  portions  of  the  greenstone  in  which  the  greatest  me- 
chanical effect  is  observable,  viz.,  in  the  fine  and  schistose 
areas.  It  is  to  be  admitted  that  the  author  seems  to  have  de- 
termined these  crystals  to  be  of  labradorite.  They  would  be 
expected  to  be  of  albite  if  of  secondary  origin,  and  outwardly 
they  have  a  resemblance  to  albite.  The  physical  characters 
which  the  author  mentions  are  supposed  to  be  diagnostic  of  lab- 
radorite (p.  88),  The  specific  gravity  agrees  with  labradorite, 
and  the  extinction  angles  on  either  side  of  the  twinning  line, 
being  12^^  to  20°,  agree  with  those  of  labradorite,  which,  ac- 
cording to  Kosenbusch,  affords  extinction  angles  of  5°  to  27°, 
This  anomalous  preservation  of  feldspars  in  the  midst  of  what 
is  regarded  by  the  author  as  the  most  crushed  and  "metamor- 
phosed" of  the  greenstones,  i.  e.,  in  the  fine  banded  schists  be- 
low the  falls,  is  mentioned  at  several  places.  ( See  pp.  92  and  93.) 
The  author  describes  (p.  92)  ellipsoidal,  or  lenticular,  masses 
of  non-schistose  rock  about  which  the  schists  appear  to  wind, 
enclosing  them  entirely.  Although  he  does  not  so  state,  we 
infer  that  the  direction  of  the  fibrous  structure  of  the  schists  is 
constantly  parallel  to  the  outer  surfaces  of  these  ellipsoidal 
masses.  The  writer  has  observed  this  to  be  the  fact  in  several 
instances.  The  author  describes  the  outermost  of  these  en- 
velopes as  a  "typical  chlorite  schist"  in  which  alternating  and 
interlacing  areas  of  pale  green  chlorite  may  be  distinguished 
in  a  fine  quartz-albite  mosaic.  He  takes  these  minerals  to  be 
the  product  of  the  same  mysterious  agent  (dyuamic  meta- 
morphism)  which  is  appealed  to  to  explain  a  similar  mosaic  in 
the  banded  schists — ^the  same  also  as  is  presumed  to  have  caused 
the  parallel  banding  which  has  widely  been  taken  for  sedimen- 
tary structure.  It  appears,  however,  that  there  is  a  curious 
anomaly  in  thus  appealing  to  "pressure"  to  produce  such  a  va- 
riety of  effects.  If  pressure  caused  the  parallel  banding  of  the 
adjacent  schists,  as  presumed  by  the  author,  (which  we  hope 
the  reader  will  notconfound  with  schistose  structure),  how  can 
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the  same  pressure  produce  at  the  same  time  a  straight  banding 
and  a  schistose  structure  which  surrounds  in  parallel  arrange- 
ment the  periphyry  of  a  lenticular  mass  and  not  only  one,  but 
many  lenticular  masses?  Why  should  these  ellipsoidal  cores 
under  the  action  of  pressure  be  seggregated  from  the  mass  and 
surrounded  by  a  finer  rock  arranged  in  schistose  structure  par- 
allel to  their  periphyries,  while  they  themselves  show  no  such 
structure?  They  are  largely  decayed  within,  it  is  true,  and 
have  the  grain  of  the  surrounding  rock  mass  in  general.  The 
mysterious  agent  then  must  have  penetrated  them  thoroughly 
on  the  hypothesis  of  the  author.  It  remains  to  account  for 
this  anomalous  action  of  this  agent.  If,  on  the  other  hand, 
this  be  considered  an  agglomeratic  portion  of  rapidly  accumu- 
lating tufaceous  sediment,  received  into  an  ocean  heated  per-  . 
haps  by  proximity  to  volcanic  vents,  and  it  be  admitted  that  by 
the  solvent  action  of  its  waters  these  sediments  were  changed 
mineralogically  to  about  what  they  now  appear  to  be,  the  finer 
and  more  siliceous  parts  of  the  residue,  after  oceanic  leviga- 
tion  being  allowed  to  lodge  in  the  interstices  between  the 
coarser  masses,  surrounding  them  often  in  shells,  as  it  were,  of 
finer  materials,  and  then  the  whole  allowed  to  consolidate,  and 
to  experience  the  history  which  followed,  what  features,  we 
may  ask,  would  such  a  mass  present  after  some  pressure  and  ' 
stretching,  which  are  not  found  in  this  rock  by  Prof,  Williams? 
The  criticisms  which  have  now  been  made  of  Prof.  Williams' 
discussion  of  the  megascopic  features  at  the  Lower  Quinnesec 
falls,  may  in  the  main,  be  applied  to  his  discussion  of  the  same 
features  at  the  Upper  Quinnesec  falls,  as  well  as  those  at  Stur- 
geon falls,  for,  as  shown  by  him,  the  regions  examined  have  a 
great  similarity.  The  characters  brought  out  at  the  latter 
place  are  particularly  suggestive  of  fragmental  origin  (p.  71), 
viz:  The  structure  of  the  rock  is  irregularly  granular,  none  of 
the  components  being  in  any  degree  idiomorphic.  Frequent 
and  abrupt  changes  in  the  coarseness  of  the  grain  are  observa- 
ble. Colorless  chlorite  and  zoisite  are  mixed  indiscriminately, 
and  often  a  mosaic  of  quartz  and  epidote,  or  of  quartz  and  al- 
bite,  composes  the  greater  part  of  the  finer-grained  portion  of 
the  rock,  or  of  the  schists  into  which  the  coarser  rock  gradu- 
ates, white  the  fragments  of  feldspar  are  seen  to  be  broken 
and  battered,  and  for  the  most  part  changed  to  sericite  or  cal- 
cite.  These  signs  of  fragmeatal  origin  we  can  perhaps  attrib- 
ute to  the  powerful  solvent  action  of  the  Archean  ocean.  They 
are  such  as  are  ordinarily  attributed  to  weathering,  when  they 
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are  found  to  characteriae,  under  known  mechanical  and  chem- 
ical exigencies,  rocks  of  this  character  exposed  to  present  at- 
mospheric forces,  and  we  have  no  reason  to  exempt  Archean 
time  from  those  effects  of  atmospheric  action  which  we  are  fa- 
miliar with  at  the  present.* 

Continuing  the  consideration  of  the  magascoptc  characters 
which  seem  to  have  been  omitteil  or  misinterpreted  by  Dr. 
Williams,  we  may  follow  his  course  of  investigation  from  the 
Menominee  valley  to  the  Marquette  region.  Here  he  divides 
the  greenstone  area  into  four  parts;  the  eastern,  western, 
northern  and  the  Deer  lake  aresbs.  The  rocks  of  the  northern 
part  of  the  "eastern"  area  are  so  plainly  banded  by  sedimenta- 
tion that  he  concludes  that  they  are  derived  from  volcanic  tafis. 
The  southern  part,  though  widely  characterized  by  a  fine  almost 
aphanitic  grain  and  by  what  he  designated,  in  the  case  of  the 
Uenominee  greenstones, as  "spheroidal  parting,"  and  though  he 
gives  no  description  Indicating  how  they  are  related  to  the 
rocks  of  the  northern  part,  he  considers  to  be  altered  eruptive 
rocks.  It  might  be  stated  here  that  the  two  grade  into  each 
other  by  imperceptible  degrees,  passing  through  a  siliceous  and 
hematitic  phase,  named  Eureka  beds  by  Dr.  Romiger,  in  which 
some  iron  ore  has  been  mined,  all  belonging  to  the  same  green- 
stone series,  and  that  further  west,  on  the  pinching  out  of  the 
siliceous,  or  jaepilyte  band,  the  two  parts  become  indistinguish- 
able, blending  into  one,  in  the  manner  represented  on  the  map  of 
Dr.  Romiger,  and  in  the  manner  in  which  sach  jaspilyte  lenses 
rise  and  disappear  along  the  strike  In  the  greenstones  of  Min- 
nesota. Whatever  origin  may  be  assigned  to  the  northern  part 
of  the  Marquette  area,  it  is  difficult,  if  not  impossible,  to  di- 
vorce it  from  the  origin  assignable  to  the  southern. 

■since  the  toregoiog  «M  written  Prot.  WIUIuus  ba>  died.  On  cesuailng  tbisstudy 
ItlaonrflTSt  Impalselo  render  (o  hla  memory  some  tribute  eipresalveof  the  sense  of 
loaa  whicb,  In  company  with  all  American  geologists,  we  npefleaoe  In  the  aiidden  de- 
ceuse  ot  one  of  our  number  when  In  tbe  prime  of  his  ability  and  autlvlty.  At  3S  years 
□t  age  Dr.  WlIllamB  seemed  to  prouilse  many  years  of  active  geological  work.  HU 
brllll But  career  at  Jobns  Hopklna  UnlTerslty  bespolte  for  tbe  literature  of  American 
geology  In  tbe  near  future  many  and  valuable  cou trill utions  from  Ills  latx>r&tory. 
Largely  through  his  energy  have  the  petrograpblcal  methods  ot  Europe,  and  Gape- 
dally  those  of  Germany,  been  Introduced  Into  America— greatly  to  the  enrichment 
ot  our  geoloelcal  linowledge .  He  was  not  slmpty  a  pelrographer,  bat  a  geologist  ot 
broad  culture  and  grasp,  who  «as  as  ready  to  apply  his  microscopic  data  to  questions 
ot  greater  scope  as  be  was  lo  discover  the  data.  His  oocoslonal  contributions  va  the 
geology  of  Maryland  and  ot  the  Appalachians  constitute  some  ot  the  epochal  stepa  of 
the  geoloty  of  eastern  America.  Personally  Dr.  Wllloma  was  ot  courteous  and  eoxas- 
tng  address,  profeBHlonally  obliging  to  all.  socially  making  friends  Of  All  aoqualntui- 
ces,  a  ready  and  rapid  speaker,  a  clear  thinker  and  a  beloved  teacher.  American 
geology  has  had  hut  few  his  peer. 


jvGooi^lc 


STATE  GEOLOGIST.  17 

The  "western"  area  of  the  greenstoce  is  immediately  in  the 
line  of  strike  of  the  southern  part  of  the  -'eastern"  area,  and  is 
continuously  traceable  from  it.  He  also  calls  it  the  Negaunee 
area.  He  considers  the  greenstones  of  this  area  to  resemble 
those  of  the  southern  part  of  the  Marquette  area.  In  the  very 
center  of  this  area,  however,  he  found  (p.  175)  a  remarkable 
fragmental  rock,  being  a  conglomerate  resembliug  the  "slate 
conglomerates"  of  the  Canadian  geologists  and  the  Ogishke 
conglomerate  of  Minnesota.  Impressed  with  the  evidence  of 
fragmental  origin  he  frankly  acknowledges  that  this  rock, 
whose  extension  in  no  direction  does  he  seem  to  have  traced 
out.  it  is  impossible  to  assign  to  any  other  than  a  fragmental 
origin  and,  although  he  here  finds  the  same  "spheroidal  part 
ing"  as  seen  in  the  greenstones  of  the  northern  Marquette  area, 
and  the  same  kind  of  light-green  aphanitic  greenstone,  he  does 
not  see  any  reason  to  assign  the  .two  rocks  to  the  same  cause. 
Nor  does  he  attempt  to  explain  in  what  way  or  at  what  place 
this  fragmental  greenstone  can  be  separated  from  the  other 
greenstones  of  the  area.  The  acid  masses  embraced  in  this 
conglomerate  are  supposed  by  Dr.  Williams  to  have  been 
ejected  by  volcanic  explosions  in  the  midst  of  much  basic  ash, 
tors  from  the  ducts  through  which  the  basic  matter  was  dis- 
charged. It  appears  to  the  writer  that  the  existence  of  this 
fragmental  rock  in  this  area  of  greenstone  thus  admitted  by 
Dr.  Williams,  will  be  found  fatal  to  the  principal  coaclusion  of 
the  author  touching  the  Negaunee  area,  for  these  conglomer- 
ates have  been  found  to  pervade  the  greenstones  everywhere, 
and  to  fade  out  into  them  on  all  sides. 

The  greenstones  of  the  "northern"  area  are  "striped  and 
banded"  in  the  same  manner  as  those  of  the  northern  part  of 
the  Marquette  area,  and  are  hence  supposed-  to  have  been  or- 
iginally volcanic  tuffs.  In  one  of  these,  however,  which  he  still 
seems  inclined  to  have  considered  a  massive  rock  originally, 
are  porphyritic  crystals  of  hornblende,  recalling  a  green  por- 
phyrite  schist  found  in  northern  Minnesota  which  has  been 
classed  with  fragmental  rocks  after  careful  stiidy  by  Dr.  U.  S. 
Grant*  Indeed,  the  general  tout  ensembleot  these  green  schis- 
tose rocks  closely  compares  with  those  about  Kekequabic  and 
Fall  lakes  in  Minnesota,  both  of  which  have  been  pronounced 
fragmental  on  microscopic  evidence. 

*  Twedty-flrst  Ulnnssotit  report,  pp.  23-27. 


DiqilBCdBGoOl^lC 


18  TWENTY-THIBD  ANNUAL  REPORT 

Still  further  west,  in  the  same  general  belt  of  greeastones  as 
the  Marquette  and  Negaunee  areas,  is  the  Deer  lake  area. 
Throughout  this  whole  greenstone  belt  is  a  uniformity  of  topo- 
graphy, and  a  constancy  of  outward  lithology  which  implies  to 
the  observant  geologist  a  unity  of  geological  origin  and  structure 
— a  fact  which  could  also  be  said  to  extend  many  miles  further 
west.  In  the  Deer  lake  area,  to  which  the  author's  attentioQ 
was  directed  by  Dr.  Irving,  this  greenstooe  contains  many 
fragmental  rouaded'  forms,  some  of  them  being  felsitic,  but 
most  of  them  of  some  form  of  greenstone.  Here  also,  accord- 
ing to  Irving,  are  indistinct  traces  of  oceanic  sedimentary  struc- 
ture. Dr.  Williams  styles  these  rocks  "green  schists  and 
agglomerates,"  and  welcomes  the  fragmental  characters  as  con- 
firmatory of  the  conclusions  he  reached  respecting  the  banded 
greenstones  of  the  northern  part  of  the  Marquette  area,  al- 
though here  the  banded  structure  is  almost  wanting.  Here, 
also,  the  acid  masses  are  thought  by  the  author  to  be  referable 
to  some  volcanic  ejection  by  which  fragments  were  torn  from 
the  walls  of  the  ducts  through  which  the  more  volumnious  basic 
materials  were  discharged. 

It  appears  then  that  the  greenstone  areas  examined  by  Dr. 
Williams  have  prevailingly  fragmental  characters.  This  is  ap- 
parent from  the  descriptions  if  not  from  the  general  conclusions 
he  has  given.  The  only  exceptions  are,  (1)  the  Menominee 
area,  and,  (2)  the  southern  part  of  the  eastern  area  at  Mar- 
quette. Still  even  in  the  Menominee  area  he  allows  certain 
portions  to  have  had  a  fragmental  origin,  viz.,  at  Four-Foot  falls 
and  at  the  Upper  Twin  falls,  pp.  124,  132. 

He  puts  the  whole  of  the  nortjiern  Marquette  area,  the  north- 
em  part  of  the  eastern  area  at  Marquette,  the  Deer  lake  area 
and  a  part  of  the  Negaunee  area  (which  part  cannot  easily  be 
separated  from  the  rest  of  the  Negaunee  area),  amongst  the 
volcanic  tuffs  which  bear  unimpeachable  proofs  of  sedimenta- 
tion, and,  as  has  already  been  stated,  an  important  area  of  evi- 
dently fragmental  rock  occurs  in  the  Menominee  area  at  the 
LiOwer  Quinnesec  falls,  and  cannot  there  be  distinguished  geo- 
graphically from  the  rest  of  the  Menominee  greenstone.  An- 
other is  reported  by  the  author  at  the  Upper  Twin  falls  (p.  133.) 

To  a  geologist  who  has  traveled  over  these  greenstones  for 
many  miles,  and  for  many  days  of  many  seasons,  this  result  is 
not  at  all  surprising,  for  one  of  their  most  frequently  recurring 
phenomena  is  a  fragmental  and  a  conglomeratic  composition, 
a  feature  which  goes  so  far  sometimes  as  to  make  the  rock 
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change  to  a  siliceous  porodyte  with  little  or  no  trace  of  the 
ferromagnesian  minerals  remaining.  It  is  such  fluctuations, 
which  occur  both  gradually  and  sporadically,  that  have  caused 
the  writer,  when  he  has  studied  them  in  the  field,  to  doubt  the 
original  massive  character  of  any  of  them.  It  is  hard  to  under- 
stand bow  such  wide-spread  fragmental  characters  could  per- 
vade a  great  formation,  and  yet  that  it  could  be  properly  classed 
broadly  as  an  original  massive  rock  changed  to  Its  present 
features  by  subsequent  metamorphism.  Instead  of  throwing 
the  burden  of  proof,  as  to  origin,  upon  the  fragmental  theory, 
when  the  megascopic  characters  become  uncertain,  with  an  as- 
sumption in  lavor  of  the  irruptive  theory,  it  seems  to  the  writer 
that  this  burden  lies  upon  the  advocates  of  the  irruptive  hy- 
pothesis, and  that  the  preponderance  of  evidence,  from  a  meg- 
ascopic point  of  view,  is  strongly  in  favor  of  a  sedimentary 
origin  of  all  such  ambiguous  greenstones. 

In  further  discussion  of  the  megascopic  characters  It  is  nee 
cessary  to  call  attention  to  the  confusion  into  which  Dr.  Wil- 
liams seems  to  have  fallen  in  the  use  of  terms  denoting  mega- 
scopic structures.  The  writer  has  elsewhere*  called  attention 
to  the  variety  of  structures  which  are  found  in  the  crystalline 
massive  rocks,  and  to  the  necessity  of  clear  definitions  for  the 
terms  applied  to  them.  It  is  when  clear  ideas  of  these  struc- 
tures and  their  possible  causes  do  not  exist  in  the  mind  of  the 
geologist  that  he  is  led  to  generalizations  which  embrace  them 
all,  or  several  of  them,  incorrectly.  The  point  of  view  from 
which  he  approaches  their  discussion  also  inclines  him  favor- 
ably toward  the  abandonment  of  distinctions  which  ought  to  be 
carefully  noticed.  These  truths  are  exemplified  by  some  of  the 
sentences  of  ttis  bulletin.     The  following  may  be  noted: 

On  p.  168  dykes  are  called  "bands"  of  coarser  materials. 

On  p.  192  the  coarser  layers  of  what  some  have  considered 
sedimentary  stratification  are  called  "bands." 

On  p.  171  et  paasim,  a  schistose  structure  is  called  a  "folia- 
tion, " 

On  p.  179  a  slaty  cleavage  is  called  a  foliation.  See  also  p. 
202. 

On  p.  179  a  quarzyte  lying  between  two  conglomerates  and 
dipping  steeply  in  conformity  with  them  toward  the  sonth,  is 
denied  the  structure  of  stratification  and  is  said  rather  to  be 
"foliated"  by  pressure. 
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On  p.  110  a  banded  structure,  consisting  of  gneiss  alternat- 
ing with  green  schist,  is  described,  and  a  distinction  is  drawn 
between  it  and  a  scliistose  structure  whicli  is  stud  to  sometimes 
pervade  the  gneiss.  But  on  p.  110  the  banded  structure  and 
the  schistose  are  confounded  in  one  sentence  as  the  same, 
and  due  to  the  same  cause,  viz.,  "The  schistose  or  banded  struc- 
ture of  these  rocks,  when  such  exists,  is  a  secondary  feature, 
produced  by  the  same  dynamic  agencies  which  rendered  the 
greenstones  themselves  schistose."  The  shifting  of  the  name 
here,  however,  does  not  destroy  the  sense.  It  only  shows  a 
looseness  of  the  use  of  these  terms.  Many  such  cases  could  be 
pointed  out,  viz ,  pp.  40,  44,  45,  82. 

In  many  places  the  term  '  'parallel  arrangement"  is  employed. 
It  seems  to  be  applicable  to  various  structures,  and  is  made  to 
cover  several.  On  p.  14S-50  it  is  used  to  express  the  arrange- 
ment of  new  crystallization  products  which  give  rise  to  a 
gneissic  or  "flaser"  structure,  produced  by  pressure.  On  p. 
157  it  indicates  the  disposition  of  microscopic  hornblendes.  On 
the  other  hand,  it  is  applied  to  many  macro-structures,  and  in 
some  cases  without  definition.  It  is  obvious  that  in  many  such 
cases  the  reader  is  wholly  at  a  loss  to  comprehend  the  idea 
designed  to  be  conveyed  by  the  author  when  it  is  not  defined 
in  the  context.  This  seems  to  indicate  that  all,  or  nearly  all, 
the  "parallel"  arrangements  are  assignable,  in  the  mind  of  the 
author,  to  the  same  cause,  and  that  It  matters  little  whether 
the  specific  structure  under  consideration  be  defined  carefully 
or  not.  Nothing  will  illustrate  this  more  completely  than  a 
single  quotation.  On  p.  201  the  author  gives  his  idea  of  macro- 
structural  metamorphism,  and  says: 

This  embraces  all  modiflcatloQS  In  the  structure  of  the  massive  rocks 
produced  by  dynamic  aeencles  and  plainly  visible  to  the  unaided  eye. 
Such  changes  consist,  for  the  moat  part,  Id  tbe  production  of  a  banding, 
to] iatlon,  or  sob istoae  structure  which  tend  to  make  the  eruptive  rocks 
resemble  stratified  depoBlts.  They  area  secondary  feature  and  must  be 
correlated  vrlih  the  slaty  cleavage,  not  with  tbe  original  bedding  of  sedt. 
meats. 

The  author  lays  great  stress  on  the  occasional  divergence 
of  the  schistose  bands,  which  appear  in  the  greenstones  at  the 
Upper  Twin  falls  (p.  132),  from  the  normal  and  usual  direction 
for  the  region,  and  argues  from  this  divergence  that  the  band- 
ing cannot  be  due  to  sedimentary  structure.  He  infers  there- 
fore that  it  must  have  been  duo  to  crushing  pressure  actingr 
locally  in  different  directions  and  that  no  part  of  the  banding 
seen  there,  however  much  it  resembles  that  banding  at  Mar- 
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quette  which  he  acknowledges  is  caused  by  sedimentatioD,  caa 
be  referred  to  sedimentary  action.  But  this  argument  would 
prove  too  much,  for  it  can  be  applied  to  all  parts  of  the  green- 
stone terrane.  There  is  nothing  more  evident  in  the  green- 
stones in  the  region  of  Tower,  Minnesota,  than  the  divergence 
of  sedimentation  banding  from  the  normal  direction  there  prev- 
alent. This  is  so  common  that  it  involves  not  only  the  green 
schists  but  the  sericitic  schists  and  the  graywackes  and  jikspi- 
lytes, — and  even  the  argiUitlc  slates  into  which  the  chloritic 
schists  gradually  pass.  Some  years  ago  the  writer  employed 
this  common  fact  to  disprove  the  eruptive  origin  of  the  jaspi- 
lytes  at  Tower.*  Such  sudden  divergences  of  the  jaspilyte 
beds  from  the  prevailiag  direction  had  been  presumed  to  prove 
the  eruptive  origin  of  the  jaspityte.  On  the  contrary  it  was 
found  that,  along  with  all  the  sedimentary  rocks  of  the  vicinity 
the  jaspilyte  had  been  broken,  and  the  several  strata  had  been 
thrust  amongst  the  neighboring  beds  and  made  to  hold  various 
angles  with  the  direction  of  the  prevalent  strike.  Such  fea- 
tures were  illustrated  in  the  report  referred  to.  They  proved, 
on  the  argument  appealed  to  for  the  jaspilyte,  that  the  argil- 
lytes  and  the  graywackes  must  also  have  had  an  eruptive  origin, 
thus  reducing  the  argument  to  an  absurdity.  This  considera- 
tion taken  with  the  discovery  made  by  Dr.  Williams  and  reported 
by  him  on  p.  133,  that  one  of  these  bands  showing  such  contrast 
at  the  Upper  Twin  falls  was  made  up  of  fragmental  materials, 
certainly  goes  far  toward  putting  a  negative  upon  the  general 
conclusion  of  the  author  as  to  the  nature  of  these  fine-grained 
bands. 

Before  closing  the  discussion  of  the  megascopic  evidence 
brought  forward  by  the  author,  it  may  be  profitable  to  present 
in  a  summary  form  the  results  that  seem  to  be  derivable  from 
this  part  of  the  examination.  Employing  only  the  facts  and 
interpretations  which  are  presented  in  the  bulletin,  the  two 
kinds  of  rocks  described  by  the  author,  i.  e.,  those  that  he  pre- 
sumes to  have  been  massive  and  those  which  he  finds  to  have 
been  fragmental,  are  found  to  exhibit  the  following  features  in 
common.  This  comparison  is  not  intended  to  involve  those  in- 
trusive rocks,  of  later  date  than  the  greenstone  formation, 
which  are  found  everywhere  amongst  the  Archean  terranes, 
and  which  the  author  also  describes  in  this  bulletin.  Only  one 
acquainted  with  the  region  can  distinguish,  sometimes,  whethei 
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the  author  has  in  hand  ooe  of  these  later  intrusives  or  one  of 
the  orifi^nal  greenstones,  for  the  field  evidence  is  freqnentljde- 
fective. 

Common  megascopic  characters. 

They  both  show  a  banded  structure  which  constitutes  an  ap- 
parent straUfication.    Pp.  97,  125,  164;  pp.  133.  154.  185. 

They  show  the  same  direction  of  strike  and  of  schistosity. 
Pp.  110,  129;  p.  154. 

In  both  the  coarser  bands  grade  imperceptibly  into  the  finer. 
P.  75;  p.  176. 

They  both  have  a  parallel  structure  in  all  their  parts,  both 
macroscopic  and  microscopic,  which  runs  uniformly  in  the 
same  direction,  on  a  broad  scale,  for  any  certain  place,  but  oc- 
ca.sionally  bands  of  schistose  finer  material  are  seen  in  each 
to  diverge  somewhat  from  the  normal  direction.  Pp.  129,  132, 
203;   pp.  156,  186  (Irving). 

They  both  graduate  into  silvery  hydrous  schists.  P.  105; 
pp.  177,  190. 

They  both  appear  in  the  form  of  massive  aphanitic  green- 
stones.    P.  164;  p.  176. 

They  both  appear  as  massive  granular  greenstones.  Pp.  77. 
84,  126;  p.  155. 

In  both  the  alternation  of  lighter  and  darker  bands  is  due  to 
the  preponderance  of  calcite  and  chlorite,  and  sometimes  of 
quartz  andepidote,  in  the  lighter  bands.     P.  75;  p.  156. 

In  both  the  structure  of  the  rock  may  be  irregularly  granular, 
none  of  the  components  being  in  any  degree  idiomorphic,  with 
frequent  and  abrupt  changes  in  the  coarseness  of  the  grain. 
Pp.  68,  71;  pp.  176.  187. 

In  both  there  is  an  absence  of  amygdaloidal  structure.  The 
only  amygdaloidal  rock  mentioned  is  11746,  occurring  near 
Baldwin's  kilns,  in  a  "well  marked  dike-"     P.  174;  p.  201. 

They  both  show  the  peculiar  "spheroidal  parting."  P.  168; 
p.  177. 

They  are  sometimes  entirely  destitute  of  characters  that 
point  to  an  eruptive  origin.    Pp.  74.  156,  164;  pp.  154,  158. 

They  sometimes  manifest  clearly  certain  proofs  or  signs  of 
sedimentary  origin,     P.  133;  pp.  176,  188. 

In  the  field  they  cannot  be  separated  geographically. 

It  may  be  questioned  reasonably  whether  the  rocks  of 
such  marked  characters,  showing  such  macroscopic  resem- 
blances and   such  close  relations,    stratigrapbic  as  well  as 
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geographic,  can  be  said  to  have  separate  origins.  Cer- 
tainly on  the  basis  of  magascopic  characters,  even  when  re- 
ported by  a  geologist  who  entered  the  field  with  an  avowed 
leaning  (p.  31)  toward  the  eruptive  hypothesis,  and  even  reach- 
es a  contrary  general  result,  the  evidence  of  sedimentary,  or  at 
least  a  f  ragmental,  origin  greatly  preponderates. 

This  bulletin  was  written  under  the  guidance  of  the  view  of 
Prof.  Irving  that  the  iron  ores  at  Marquette  and  at  Menominee 
are  all  in  one  and  the  same  formation,  and  that  none  of  the  ore 
at  those  places  is  embraced  within  the  greenstones.  Since 
then  it  has  been  admitted  by  the  geologists  of  the  U.  S.  Geol. 
survey  that  the  distinctions  made  out  in  Minnesota  are  observ- 
able in  Michigan,  and  hence  one  ore  horizon  is  much  lower 
than  the  other,  and  is,  indeed,  involved,  as  in  Minnesota,  with 
these  greenstones.  This  misconception  of  the  geologic  rela- 
lations  of  the  Michigan  ore  bodies  is  responsible  for  some  of 
the  errors  into  which  the  author  has  fallen.  For  instance,  he 
has  supposed  the  Eureka  iron  ore  near  Marquette  to  belong  to 
the  later  "ironbearing"  strata  of  the  region  of  Negaunee. 
and  excludes  it  from  the  greenstones,  while  actually  if 
is  a  lens  of  jasper  and  impure  hematite  within  the  greenstones, 
shading  into  novaculytes,  east  and  west,  in  a  manner 
similar  to  hundreds  that  occur  in  Minnesota.  Ag(un,  the 
fragmental  chloritic  slates  which  occur  below  the  Four-Foot 
falls  in  the  Menominee  area  are  excluded  from  the  green- 
stones on  the  hypothesis  that  they  belong  to  the  iron- 
bearing  detrital  rocks,  although  there  is  no  structural  evidence 
to  show  it,  but  rather  everything  indicates  that  they  are  a  phase 
of  the  green  schists  that  prevail  in  the  region.  The  Wisconsin 
survey  sheets  szviii  and  xxix  indicate  that  these  chlorite  slates 
are  in  the  same  formation  as  the  greenstones.  Again,  the 
greenstone  knobs  about  Negaunee,  which  certainly  are  outliers 
of  the  main  greenstone  belt,  rising  in  the  midst  of  the  later 
iron-bearing  rocks  which  lie  non- conformably  upon  their  slopes, 
are  thought  by  Dr.  Williams  to  be  of  the  nature  of  the  later  in- 
trnsives  and  comparable  to  the  diabase  dikes  which  cut  Light- 
house point.  The  correction  of  these  misconceptions  obviously 
involves  important  changes  in  the  conclusions  reached  by  the 
author  as  to  the  derivation  and  geologic  history  of  some  of  the 
rock  masses  he  has  discussed. 
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(b).      MICROSCOPICAL   FACTS. 

Iq  this  examioatioa  of  the  microscopical  facts  reported  by  Dr. 
Williams  we  shall  simply  collate  them  as  he  has  determioed 
them,  without  calling  in  question  their  actuality.  la  case  we 
find  reason  to  ascribe  to  them  difEareat  significance,  and  hence 
to  give  them  different  interpretation,  we  shall  do  it  with  great 
deference  to  the  learning  and  skill  of  the  author.  The  writer 
has  elsewhere  insisted  on  the  subordination  of  microscopic  evi- 
dence to  field  evidence,  and  on  the  necessity  of  finding  some 
middle  ground  on  which  the  opposite  testimony  of  these  two 
methods  of  research  whenever  they  seem  to  be  contradictory, 
cap  find  free  and  consistent  standing,*  since  one  natural  truth 
when  correctly  understood  cannot  clash  with  another. 

Oae  of  the  most  important  and  remarkable  of  the  microscop- 
ical facts  reported  by  the  author  relates  to  the  feldspars.  Not- 
withstanding the  advanced  state  of  decay  which  the  old  green- 
stones uniformly  exhibit,  the  feldspars  are  found,  even  in  the 
most  schistose  and  "crushed"  parts  of  the  rock,  to  be  remark- 
'  ably  fresh.  In  numerous  instances  the  author  suggests  that 
they  look  like  fresh  crystallizations;  indeed,  as  has  already 
been  stated,  he  deduces  a  rule  that  the  freshest  feldspars  are 
ftyitrtd  in  thenwst  crushed  rock.  At  the  same  time  he  finds  in  the 
same  rock,  or  the  same  kind  of  rook  taken  at  other  places,  that 
the  feldspar  grains  have  suffered  remarkable  distortion  and 
destruction  under  the  action  of  the  same  mysterious  dynamic 
forces.  Although  he  suggests  in  several  instances  that  the 
former  may  be  "new  crystallizations,"  and  even  concludes  that 
the  albite  feldspar  of  the  saussurite  masses  is  a  new  crystalliza- 
tion (p.  15S),  it  appears  that  he  does  not  adopt  what  seems  to 
be  the  most  reasonable  explanation  of  this  anomalous  action  of 
the  feldspars  of  these  rocks.  He  passes  the  fact  as  unexplain- 
able,  except  on  the  hypothesis  that  the  feldspars  may  have  been 
able  "by  slipping"  to  adjust  themselves  to  the  pressure  and 
thus  to  avoid  crushing.  Why  the  quartzes,  which  appear  be- 
side the  feldspars,  could  not  have  slipped,  and  escaped  the  ef- 
fects of  the  pressure  equally  as  well  as  the  feldspars  he  does 
not  explain.  They,  on  the  contrary,  have  been  distorted,  and 
sometimes  show  a  peripheral  granulation.  Why  other  feld- 
spars, in  some  such  cases,  should  have  been  crushed  more  than 
the  quartzes,  is  another  anomaly  which  is  left  unexplained. 
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These  curious  freaks  of  the  mysterious  ageut  appealed  to  by 
the  author  (dynamic  metamorphism)  to  account  for  the  present 
condition  of  the  minerals  of  these  rocks  on  the  hypothesis  of 
their  having  been  massive  eruptive  rocks,  may  be.  perhaps,  un- 
derstood better  if  the  hy^jothesis  be  abandoned,  and  they  be  ex- 
amined from  the  same  standpoint  as  that  from  which  the  banded 
greenstones  of  the  Marquette  area  are  studied,  viz.,  that  of 
f  ragmental  basic  tuff.  In  such  an  oceanic  terrane  there  would 
be  of  course,  primarily,  all  the  elements  of  a  diabase,  including 
feldspars,  fragmental  and  entire.  These  would  graduate  sec- 
ondly, into  true  erosion  sediments,  at  distant  points,  or  un- 
der favorable  conditions  at  near  points,  but  would  accumulate 
rapidly  and  be  consolidated  in  great  masses  at  those  points 
favorably  situated  for  their  preservation.  In  all  cases  they 
would  be  likely  to  show  the  effect  of  oceanic  levigation.  and  all 
their  minerals  would  take  on  more  or  less  of  the  effects  of  at- 
mospheric degradation,  such  changes  being  effected  mainly 
prior  to  consolidation,  Subsequently,  on  the  application  of 
pressure  and  shearing,  accompanied  by  heat  and  by  the  tilting 
which  has  brought  all  the  Archean  rocks  to  a  a  position  of  ver- 
ttcality,  the  original  feldspars  were  crushed  and  stretched, 
and  many  new  crystallizations  were  promoted.  This  changed 
the  semi-decayed  minerals  of  the  original  oceanic  tuff  into  re- 
constructed forms.  The  feldspars  were  surrounded,  under  new 
environments,  by  fresh  rims  or  enlargements,  or  entirely  new 
crystals  were  generated,  the  hornblendes  extended  their  limits, 
the  chlorites  and  micas  were  strengthened  in  their  chemical 
integrity  and  perhaps  converted  to  biotite,  and  the  leucoxene 
rim  of  the  menaccanite  gave  off  sphene  and  rutile  needles. 
These  reconstructional  changes  can  be  legitimately  ascribed  to 
dynamic  metamorphism,  and  if  so  explained  and  if  the  decayed 
appearances  exhibited  be  considered  as  the  effects  of  oceanic 
weathering  in  Archean  time,  the  argument  of  the  author,  or 
so  much  of  it  as  would  remain,  would  be  relieved  of  all  these 
anomalies.  The  feldspars  which  are  crushed  and  faded  so  as 
to  "lose  their  outlines  in  the  surrounding  matrix"  are  probably 
the  products  of  the  old  volcanic  outbursts,  original  parts  of  the 
basic  tuffs.  Those  which  are  fresh,  or  have  fresh  rims  sur- 
rounding a  decayed  interior,  may  be  of  later  date,  as  shown  by 
Van  Hisefor  certain  feldspars  of  the  Keweenawan  sandstones.* 
At  any  rate  in  the  absence  of  a  demonstration  for  either  hy- 
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pothesis  this  would  obviate  some  difficulties,  and  is  more  rea- 
sonable than  to  ascribe  all  these  contrary  changes  to  a  single 
force.  It  would,  moreover,  allow  the  megascopic  characters 
to  maintain  their  legitimate  significance,  paramount  to  the  mi- 
croscopic, and  there  would  be  no  coufiict  in  their  interpretation. 
The  coarser  tuSs,  less  reduced  b;  levigation,  would  thus  be 
given  the  semi -crystalline  resemblance  to  original  diabase  which 
the  author  describes;  for  they  doubtless  took  on.  like  some 
limestones  of  Paleozoic  age,  a  crystalline  texture  which  oblit- 
erates, throujfh  great  thicknesses,  their  original  sedimentary 
features. 

As  with  the  megascopic  characters  the  microscopic  features 
afford  suggestions  of  massive  structures,  but  the  evidence  is 
seldom  or  never  clear  and  convincing.  The  evidence  of  frag- 
mental  origin,  on  the  other  hand,  while  in  some  cases  detective, 
is  sometimes  undeniable  and  is  acknowledged  by  Dr.  Williams, 
even  for  specimens  taken  from  the  very  midst  of  rock  which 
he  concludes  from  other  specimens  tp  have  been  a  massive 
eruptive  (p.  133 }.  How  a  massive  basic  rock,  which  must  have 
cooled  at  considerable  depth  below  the  ibrf  ace,  can  be  said  to 
show  in  places  immediately  adjacent,  evidence  of  fragmental 
origin,  is  one  of  the  difficulties  of  the  ai^ument  which  Dr.  Wil- 
liams does  not  attempt  to  explain,  except  by  the  statement  that 
the  fragmental  rock  must  be  consideretflo  be  of  the  nature  of 
diabase  tuff — which  is  no  explanation  aLall.  since  it  requires  a 
deep-seated  rock  to-be  cotemporaneouflly  in  contact  with  an 
effusive  eruptive  one.  If  it  be  presumed  that  the  diabase  was 
also  a  surface  eruptive  rock,  it  may  be  answered  that  it  should 
show  some  evidence  of  it,  such  as  amygdaloidal  structure  or  a 
layering  characteristic  of  surface  fiows.  Such  features,  bow- 
ever,  have  not  been  reported,  although  It  cannot  be  questioned 
that  occasional  liquid  eruptions  must  have  occurred  as  accom- 
paniments of  the  ejection  of  volcanic  ash.  What  effect  may 
have  been  produced  on  them  by  contact  with  the  abounding 
oceanic  waters  of  the  time,  is  not  certain,  nor  apropos  at  this 
point.  The  consolidation  of  tuffs  may  be  so  perfect  as  to  ren- 
der the  resultant  rock  indistinguishable  from  an  originally 
massive  rock. 

It  will  be  well  to  summarize  as  follows  the  statements  of  the 
bulletin  bearing  on  the  microscopic  characters  which  are  the 
same  in  the  admittedly  fragmental  rocks  and  in  those  which 
the  author  supposes  to  have  been  originally  massive  but  are 
now  "schistose."     This  covers  the  crucial  point  of  the  argu- 
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ment,  for,  if  the  "schistose"  rocks  ioterbedded  with  the  mas- 
sive layers,  can  be  shown  to  be  either  fragmental  or  modified 
massive  formatioiis,  the  coarser  ones,  whatever  the  testimony 
of  the  microscope,  must  be  of  the  same  origin.  We  collate, 
therefore,  as  with  the  magascoplc  characters,  those  micro- 
scopic features  which  the  author  ascribes  to  both,  with  page 
references  to  the  bulletin. 

Gommon  microscopic  characters. 

The  chemical  and  microscopic  characters  of  these  schists 
(the  banded  schists  at  Marquette)  agree  closely  with  those  of 
the  associated  massive  greenstones.     Pp.  154,  158. 

Mineralogically  they  are  now  identical.     P.  158. 

They  both  show  occasionally  lath-shaped  feldspar  crystals 
like  those  of  the  diabase  feldspars.     Pp.  98,  163;  p.  155. 

They  both  show  the  development  of  albite  feldspars,  both 
porphyritically  and  in  a  saussurite,  quartz-albite  mosaic.  Pp. 
68,  76,  209;  pp.  155,  157,  et  passim. 

Both  show  the  "peculiar"  actionof  feldspar,  in  that  the  fresh- 
est feldspar  is  found  in  the  most  pressed  and  stretched  rock. 
Pp.  93,  103,  157;  pp.  177,  187. 

They  both,  when  '  'schistose, "  have  a  matrix  of  quartz,  chlor- 
ite and  calcite,  with  leucoxene  and  feldspars.  Pp.  181,  132; 
pp.  155,  176. 

They  both  contain  striated,  often  lath-shaped  feldspars, 
round  which  chlorite  scales  are  seen  to  shape  themselves  in 
sinuous  adjustment  to  the  forms  of  the  feldspar.    P.  75;  p.  176. 

In  both  the  feldspars  are  sometimes  so  altered  that  they 
seem  to  grade  imperceptibly  into  the  matrix  (original  feld- 
spars).    Pp.  73,  74,  81,  98;  pp.  177,  187. 

In  both  the  feldspars  are  sometimes  fresher  than  the  quartz, 
and  suggest  new  crystallizations  (secondary  feldspars).  Pp. 
78,  88,  112;  pp.  156,  187. 

They  both  contain  crystals  of  tonrmaline.     P.  200;  p.  124. 

[Note.  The  only  observed  instances  of  tourmaline  being 
noted  by  Dr.  Williams  in  what  he  considers  a  modified  basic 
eruptive  rock  are  on  pages  132  and  200.  In  the  latter  it  is  re- 
ferred to  rock  No.  11064,  which  he  styles  homfels.  There  is 
no  description  of  this  rock.  It  is  not  mentioned  where  the 
author  describes  the  associated  numbers,  on  pages  104  and  105. 
Nos.  11062  and  11063  are  likewise  omitted.  It  is  evident,  how- 
ever,from  the  context  that  these  omitted  numbers  were  collected 
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in  the  same  place  and  from  the  same  rock,  in  general,  as  Nos. 
11061  and  11065,  bolh  of  which  are  fully  described  and  consid- 
ered examples  of  sheared  gabbro.  The  other  instance  is 
mentioned  on  page  132  (No.  11139)  when  a  chlorite  slate,  said 
to  beoneof  the  "most  altered"  rocks  of  the  Lower  Twin  falls, 
contains  abundant  sharply  defined  crystals  of  tourmaline]. 

They  both  show,  in  general  terms,  a  degradational  change 
rather  than  a  reconstmctional  one^  that  is,  they  show  one  that 
is  attributable  to  the  entrance  of  atmospheric  agents.  Pp.  81, 
91,  98;  pp.  156.  184,  187. 

In  both,  the  essential  composition  is  fibrous  green  hornblende, 
quartz,  epidote,  zoisite  and  chlorite.  P.  154. 

In  both  the  hornblendes  sometimes  show  tufFted  ends,  sug- 
gesting, according  to  Van  Hise,  new  growths,  or,  according  to 
the  author,  a  fraying  out  by  some  mechanical  force  which  has 
broken  and  separated  the  lamellffi.     P.  107;  p.  155. 

Both  contain  quartz,  both  primary  and  secondary.  Pp.  81. 
210;  p.  155. 

Both  consist  essentially  of  the  decayed  and  battered  minerals 
of  diabase.     P.  68;  p  155 

There  is  certainly  nothing  in  the  microscopic  evidence  that 
indicates  different  origins  for  these  rocks.  That  is  admitted  by 
the  author.  It  is  apparent,  therefore,  that  the  author  relied  on 
megascopic  features,  which,  as  has  been  shown,  preponderates 
in  favor  of  fragmental  origin.  If  that  origin  be  allowed  for  the 
"schistose"  belts,  which  we  prefer  to  call  sedimentary  beds  of 
finer  materials,  it  will  involve  all  the  coarser  beds  which  are 
plainly  interbedded  with  the  schistose,  and  will  leave  for  the 
undoubted  eruptive  portions  of  the  greenstones  but  a  very 
small  moiety;  these  perhaps  may  yet  be  detected  and  fully  dis- 
tinguished. 

The  author  sums  up  his  views  respecting  the  aphanitic  green- 
stones of  the  southern  Marquette  area  as  follows,  on  p.  165: 

The  history  of  the  Bchistose  greenstones  tnust  be  deciphered  with  the 
conjoint  evidence  afforded  hy  the  microscope,  and  a  study  of  thetr  rela- 
tions in  the  field.  The  occasional  survival  of  the  characteristic  diabase 
structure,  even  in  some  of  the  more  foliated  forms,  taken  in  conuectlon 
with  their  evident  Identity  with  and  gradual  traasltlnn  Into  the  massive 
varieties,  appears  to  be  sufficient  proof  that,  with  the  exception  of  cer- 
tain unimportant  tuB  deposits,  these  green  schists  have  been  derived 
from  hasic  eruptives  through  the  agency  of  the  Intense  mechanical  and 
chemical  action. 

This  might  be  paraphrased  as  follows,  and  still  would  not  be 
in  contravention  of  the  evidence: 
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The  hlatoryof  these  massive  varieties  ol  greeDstone,  especially  tbe 
apbaDitlc  ones,  must  be  deciphered  with  the  conjoint  evidence  afforded 
by  tbe  microscope  aod  a  study  of  tbeir  relations  In  the  field.  The  occa- 
sional survival  oC  unmistakable  tuff-structure,  and  of  "slaty  bands  travers- 
iDK  tbe  massive  greenslooes,"  even  thouKh  exhibltlagunlmporlaQt  ac- 
quired resemblances  to  an  original  diabase-structure,  taken  in  connection 
with  their  evident  identity  with  and  gradual  transltiou  Into  leas  foliated 
forms,  appears  to  be  sufficient  proof  that,  with  the  exception  of  certain 
unimportaat  and  undoubted  eruptive  masses,  some  of  which  may  t:ave 
been  of  later  date  than  the  main  body  of  schists,  these  greenstones  have 
been  derived  from  basic  tuff  deposits  through  the  agency  of  Intense  pres- 
sure which  developed  sometimes  a  mechancal  and,  more  rarely,  a  chemic- 
al effect. 

GENERAL  COKSIDERATIONS. 
( a)     Dynamic  metamorphism  as  a  theory. 

The  eruptive  basic  rocks,  or  their  taffs,  with  which  this  bul- 
letin has  to  do,  were  produced  in  their  original  coaditioa.  by 
dry  fusion,  in  the  natural  laboratories  of  the  earth.  Some  of 
them  have  been  reproduced  artificially  by  Messrs.  Fouqu^  and 
Michel-L6vy.  *  They  must  therefore  have  exhibited  at  first 
the  most  ultra  crystalline  condition  which  such  elements  can 
be  supposed  to  be  susceptible  of.  Any  change  which  they 
might  snfFer  could  only  be  brought  about  by  the  action  of  some 
force  which  would  loosen  the  high  chemical  tension  in  which 
their  atoms  may  have  been  placed  by  the  process  of  cooling 
from  dry  fusion.  Such  change  could  only  be  brought,  about  by 
the  access  of  atmospheric  elements,  consequent  on  some  of  the 
natural  vicissitudes  of  eruption.  At  once  on  tbe  iiccess  of  at- 
mospheric agents,  or  on  the  subjection  of  these  mineral  com- 
pounds to  other  physical  surroundings,  a  degradational  change 
must  have  been  started.  No  other  change  would  be  possible. 
Whether  this  change  began  immediately  after  ejection  as 
volcanic  matter,  or  before  ejection,  but  after  the  magma 
came  within  reach  of  surface  influences,  such  as  aqueous 
vapor  or  lessened  pressure,  it  was  still  a  descending  pro- 
cess, one  which,  when  continued  and  completed,  would  fin- 
ally reduce  the  minerals  to  an  oxidized  powder  fit  for 
mingling  with  the  ordinary  sediments  of  erosion.  This, 
however,  cannot  be  called  metamorphism,  as  that  term  is 
defined  and  used.  It  is  essentially  a  weathering  process, 
although  ' '  weathering "  is  not  usually  supposed  to  be- 
gin before  the  rock  is  solidified  and  exposed  to  the  ordinary 
action  of  the  atmosphere.   All  upheaval,  all  crushing,  orshear- 
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in^  or  simple  presBure,  in  so  far  as  they  facilitate  the  approach 
of  atmospheric  agents  to  the  rocks  affected,  serve  as  means  of 
degradational  change.  In  so  far  as  they  produce  heat  which  is 
brought  to  bear  upon  the  crushed  minerals,  especially  if  it  be 
conveyed  to  them  by  the  action  of  aqueous  vapor,  there  is  a 
tendency  to  reconstruction  and  a  restoration  of  the  former  crys- 
talline integrity.  Since,  therefore,  it  is  a  fundamental  law  of 
physics  that  all  force  which  is  expended  in  such  great  move- 
ments as  upheaval,  and  such  friction  as  crushing  or  shearing 
or  folding,  produce  equivalents  in  heat,  it  is  necessary  to  allow 
for  the  presenceof  large  amounts  of  heat  when  these  dynamical 
processes  were  carried  out.  Since,  further,  water  in  the  form 
of  aqueous  vapor  has  been  present  in  all  volcanic  ejectjoas, 
and,  as  water,  has  permeated  all  the  rocks  of  the  earth's  crust, 
it  is  equally  necessary  to  admit  the  presence  of  both  heat  and 
moisture  at  all  places  where  any  dynamic  changes  such  as 
those  mentioned  have  taken  place,  throughout  geological  his- 
tory. Such  movements,  therefore,  in  their  ultimate  results, 
when  acting  normally  at  any  depths  within  the  earth's  crust 
would  leave  the  concerned  original  massive  strata  with  a  lower 
stage  of  crystallization  than  they  had  prior  to  their  action. 
They  would  tend  to  solidify  and  reconstruct  the  fragmeutal 
grains  of  sedimentary  strata,  and  would  reinforce  the  igneous 
rocks  in  case  they  had  begun  to  suffer  from  atmospheric  agents. 
At  still  greater  depths,  beyond  the  reach  of  air  and  water,  such 
pressure  may  have  been  sufficient  to  re-fuse  the  crust,  allowing 
the  product  to  return  to  its  native  condition.  Near  the  surface 
of  Uie  earth,  only,  and  in  exceptional  cases,  could  the  heat 
which  such  changes  must  have  created  be  supposed  to  have 
been  dissipated  without  causing  the  recrystallization  here  in- 
dicated. 

Metamorphism,  therefore,  in  the  sense  in  which  the  word  is 
commonly  used,  is  not  a  degradational  change.  It  is  the  "pas- 
sage, under  circumstances  of  high  temperature  or  pressure,  or 
both,  of  less  crystalline  into  more  crystalline  compounds;  or 
the  change  of  minerals  into  others  not  less  crystalline  or  in- 
soluble than  themselves"  (p.  36).  Such  changes  are  promoted 
in  all  fragmental  i^cks  by  the  great  dynamical  movements  to 
which  the  author  has  appealed.  The  retrogressive  changes 
described  by  the  author  are  not  metamorphism,  properly  so 
called,  they  are  instead  katamorphiam. 

We  do  not  desire  to  question  the  possibility,  nor  even  the  ac- 
tuality of  the  mineral  changes  which  are  included  under  the 
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term  "dynamic  metamorphism"  by  the  author.  Given  a  basic 
crystalline  rodk,  and  a  fragmental  one  of  the  same  chemical 
composition,  lilie  the  tuffs  at  Marquette,  and  let  them  be  sub- 
jected to  equal  pressure  and  shearing,  with  access  of  heat  and 
moisture,  and  they  would  be  made  similar  in  mineral  compO' 
sition  and  perhaps  in  some  of  their  structures,  in  the  former  by 
katamorphism  and  in  the  latter  by  ordinary  metamorphism. 
They  would  both  be  changed  to  a  crystalline  schist,  acid  or 
basic  according  to  the  satnre  of  the  original  rock.  Such 
changes  have  passed  over  the  rocks  in  vast  axeoB  of  the  earth's 
surface.  Bueh  changes  are  apparent  in  the  basic  tuffs  wher- 
ever  they  are  found  to  approach  the  region  of  the  eruptive 
granites,  whether  in  Michigan  or  in  Minnesota.  Toward  the 
"eruptive"  greenstones  they  show  no  such  change,  although 
they  approximate  the  greenstones  in  all  their  characters-  This 
fact  indicates  that  the  tuffs  have  not  been  subjected  to  any 
metamorphism  worthy  to  enter  into  this  discussion,  and  infer- 
entially  that  the  greenstones  have  also  been  exempt.  The  sup- 
posed dynamic  changes  described  by  the  author  in  what  he  con- 
siders original  diabases  are  precisely  the  same  as  those  which 
he  finds  in  the  stratified  tuffs.  But,  as  already  stated,  we  con- 
sider that  a  dynamic  force  which  would  have  wrought  such  de- 
structive changes  in  a  diabase  would  have  recrystallized  the 
tuff  which  was  associated  with  it.  If  they  show  the  same  char- 
acters now,  as  admitted  by  the  author,  they  must  have  had  a 
similar  physical  history  since  their  deposition,  and,  as  the 
tuifs  are  in  an  extremely  decayed  condition,  the  supposed  dia- 
base must  have  begun  its  history  with  a  similarly  decayed  con- 
dition— in  other  words,  it  would  not  have  been  an  original 
massive  eruptive. 

We  are,  therefore  correct  in  assuming  that  the  profound  and 
ever-present  retrogression  in  mineral  crystallization  which  the 
greenstones  exhibit  cannot  be  attributed  to  dynamical  move- 
ments, except  in  limited  and  irregular  areas  which  cannot  yet 
be  defined,  and  that  in  general  it  must  be  referred  to  some  cause 
whose  natural  effect  looks  toward  the  opposite  direction,  and 
which  acted  alike  and  simultaneously  on  the  material  of  the 
greenstones  and  that  of  the  fragmental  tuffs. 

We  can  find  no  cause  adequate  to  the  production  of  these 
changes  except  atmospheric  action  on  volcanic  ejectamenta. 
In  case  of  lava  fiows  contemporary  with  the  tuff  accumulation, 
such  may  have  been  largely  or  wholly  destroyed  by  the  solvent 
action  of  the  ocean,  or  so  permeated  by  the  same  changes  that 
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when  consolidated  they  lost  their  identiflable  features  as  ig- 
DBOus  rocks.  The  aaussuritization  of  feldspar  with  separate 
formation  of  zoizite  and  secondary  silica  is  described  by  Prof.  J . 
W.  Judd*  as  the  product  of  ordinary  -weathering  of  the  gabbros 
of  Mall,  west  coast  of  Scotland.  "Every  stage  of  this  altera- 
tion (a  kind  of  kaolinization )  can  be  traced,  from  a  slight  cloud- 
ing of  the  transparent  feldspars  to  their  passage  into  white 
and  opaque  pseudomorphs.  Colorless  augites  acquire  a  brown 
or  purplish  tint  on  their  exterior  portions,  which  extends  in- 
ward and  finally  embraces  the  whole  crystal.  They  also 
change  paramorphically  to  hornblende  and  to  diallage,  and  in 
other  cases  to  the  structureless  viridite  which  again  becomes 
hornblende  by  uralitization.  Enstatlte  and  olivine  produce 
serpentine,  and  ilmanite  Jeueoxene.  The  whole  rock  may  be 
still  further  decayed  by  atmospheric  exposure  "and  reduced  to 
a  mass  of  dark  colored  clay,  or  wacke."  He  also  remarks  that 
this  action  results  in  a  destructive  change  in  the  rock,  whereas 
crushing  movements  in  rock  masses  result  in  reconstmctive 
changes.  At  any  rate,  so  long  as  it  cannot  be  affirmed  that  it 
is  proven  that  dynamic  movements  were  the  only  possible 
cause  of  these  features,  it  is  reasonable  to  allow  that  they  may 
be  referred  to  some  other  agent.  The  thesis  of  this  bulletin 
would  be  proved  had  the  author  established  the  two  following 
propositions.  (1)  Dynamic  forces  can  produce  the  effects 
seen  in  the  decayed  conditton  of  the  minerals  of  all  the  green- 
stones and  the  fragmental  schists.  (2).  Dynamic  action  is 
the  sole  efficient  cause  that  can  have  produced  these  effects. 
Lacking  both  of  these,  as  It  appears  to  the  writer,  the  philoso- 
phy of  the  author  is  not  sufficiently  intact  to  warrant  its  un- 
qualified acceptance. 

(b)  The  greenstones  as  a  geologic  terrane. 
It  has  already  been  shown  that  the  greenstones  of  the  Ar- 
chean  constitute  a  district  terrane,  forming  the  latest  portion 
of  the  Keewatin,  thus  coming  at  the  very  top  of  those  rocks 
which,  in  the  lake  Superior  region,  have  been  found  to  consti- 
tute the  "fundamental  complex."  The  Archean  terminates 
abruptly,  by  the  most  profound  plane  of  non-conformity  that 
has  yet  been  discovered  in  American  geology.  Its  bedding, 
i.e.,  its  sedimentary  structure,  stands  vertical,  or  nearly  so. 
at  all  places  where  it  has  been  examined  and  reported.  The 
basal  beds  of  the  Taconic  pass  transversely  over  them,  indicate 
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ing  a  general  subsideDce  beneath  the  ocean  on  the  close  of  the 
volcanic  age.  Betow  the  greenstones  are  found  chlorite  slates 
and  schists, sericitic  8chisbs,clay  slates, gray wackes, conglomer- 
ates, quartzytes  and  jaspilytes.  The  greenstones  pass  gradu- 
ally, by  various  alternations  of  "massive"  and  "schistose"  green- 
stones, into  chlorite  slates,  and  then  into  clay  slates.  In  other 
places  these  green  schists  verge  off  with  an  increase  of  very 
fine  silica  grains,  into  silky  schists  and  to  novaculytes,  and 
with  local  increase  of  hematite  into  jasptlytes.  These  schists 
may  all  become  so  coarsely  fragmental  as  to  constitute  con- 
glomerates, "slate  conglomerates,"  gray  wackes.  siliceous  poro- 
dytes  and  conglomerates  made  up  of  porphyritic  felsyte  peb- 
bles. Whatever  their  composition,  we  have  about  come  to  the 
belief  that  they  are  all  the  result  of  oceanic  action  on  volcanic 
ejectamenta.  Their  thickness  in  MinnesotA  seems  to  exceed 
that  of  any  other  ot  the  Archean  terranes.  The  VermilioD 
iron  range  is  in  this  formation.  We  have  discovered  no  gener- 
al plane  of  discordance  in  the  midst  of  this  volcanic  materiaL 
The  conglomerates  are  local  and  irregular,  and  vary,  not  in 
accordance  with  the  strata  alongside  of  which  they  lie,  as  they 
would  if  they  were  of  erosion  origin,  but  wholly  independently 
and  irregularly.  Generally,  indeed,  their,  pebbles  cannot  be 
referred  to  any  rock  in  the  region.  They  are  like  the  pebbles 
described  by  Ur.  Williams  in  the  Deer  lake  agglomerate,  quartz- 
porphyries  and  felsytes,  ambiguous  greenstones  and  red  gran- 
ites, with  occasional  angular  pieces  of  jaspilyte.  They  seem  to 
have  all  been  thrown  out  from  volcanic  craters,  and  to  have 
been  spread  out  in  comformable  sheets  by  oceanic  action,  some- 
times after  long  continued  abrasion. 

This  series  of  fragmental  materials  has  been  locally  and  re- 
gionally affected  by  metamorphism,  and  has  been  converted  in- 
to true  crystalline  schists.  Restricted  gneissic  and  granitic 
areas  are  surrounded  by  such  schists,  and  the  gradual  trans- 
ition from  the  fragmental  Keewatin  into  the  crystalline  schists 
has  been  observed  at  many  places.  There  is  no  general  plane 
of  non.conformity  between  them.  In  tracing  tbe  Keewatin 
schists  downward,  or  at  least  in  a  direction  toward  the  great 
areas  of  gneiss  and  eruptive  granite  which  is  often  presumed  to 
foe  in  descending  order,  there  is  a  gradual  increase  of  crystalliza- 
tion until  the  rock  is  a  fully  crystalline  mica,  or  hornblende- 
mica  schist,  which,  in  turu,  becomes  an  acid  gneiss  by  the  con- 
tinued increase  of  quartz  and  orthoclase.     In  general  it  may  be 
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said  that  throughout  the  series,  from  the  top  of  the  Kawishi- 
win  to  the  gneiss  of  the  Laurentian,  there  is  no  widespread 
plane  of  non-conformitv,  but  a  successioQ  whose  most  marked 
characteristic  is  a  gradual  change,  in  descending  order,  from 
basic  fragmental  tuff-rtxjk,  with  some  which  may  have  been 
originally  massive,  to  acid  schists  and  gneisses,  the  latter  be- 
ing wholly  crystalline  and  fresh.  This  change  in  the  schists 
is  attributed  to  "regional  metamorphism,"  but  how  it  differs 
from  local  or  contact,  or  even  from  dynamic  metamorphism. 
it  is  not  possible  to  discover,  except  that  it  is  carried  out  on  a 
much  larger  scale.  The  sedimentary  structure  is  everywhere 
apparent  and  unquestionable.  In  the  gneisses  are  sedimentary 
structures  as  apparent  as  in  the  schists;  and  at  the  same  time 
the  gneisses  or,  perhaps  more  properly,  some  granites  which 
have  acquired  a  foliated  or  sheeted  structure,  exhibit  other 
"parallel  structures"  which  have  sometimes  been  mistaken  for 
the  sedimentary  structure. 

From  this  review  it  becomes  apparent  that  the  volcanic  age 
was  one  whose  action  began  feebly,  its  tuff  constituting  but  a 
small  part  of  the  oceanic  deposition.  It  increased  throughout 
a  vast  lapse  of  time  and  culminated  with  a  volcanic  violence 
which  seems  to  have  everywhere  terminated  the  Archean, 
and  was  followed  by  such  a  settling  of  the  land  areas  that 
the  following,  or  Taconic  age,  was  introduced  by  a  very 
general  submergence,  bringing  the  base  of  the  Taconic  non- 
conformably  over  the  upturned  beds  of  the  Archean.  It  also 
becomes  apparent  from  this  review  that  the  decayed  green- 
stones and  greenstone  tuffs  are  much  younger  than  the  truly 
crystalline  schists.  They  could  not  therefore  have  been  meta- 
morphosed nor  subjected  to  any  general  dynamic  force,  such 
as  pressure,  folding  and  shearing,  unless  the  same  movements 
had  involved  the  lower  terranes.  If  the  philosophy  of  dynamic 
metamorphism  be  correctly  applied  by  the  author  it  will  be 
necessary  that  it  shsill  answer  the  question— why  do  not  the 
crystalline  schists  exhibit  the  same  or  similar  semi-decayed 
crystallization  as  the  greenstones  and  basic  tuffs?  and  the 
question,  why  have  not  the  eruptives  (?)  of  the  greenstones 
preserved  their  structures  as  intact  as  those  of  the  older  crys- 
talline schists? 

We  look  upon  the  greenstones  in  Minnesota  as  an  oceanic 
terrane  having  a  definite  stratigraphic  position,  although  prob- 
ably involving  some  truly  irruptive  masses.  Its  materials,  both ' 
basic  and  acid,  are  interbedded  by  sedimentation  the  one  with 
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the  other,  and  are  sometimes  mingled.  'The  decayed  condition 
of  these  materials  is  due  to  the  natural  action  of  the  Eeewatin 
ocean  prior  to  consolidation,  and  the  crystalline  condition  of 
the  lower  beds  is  due  to  a  later  metamorphism  which,  having 
its  active  forces  and  seat  at  still  greater  depths,  did  not  per- 
meate the  whole  formation.  It  is  not  attributable  so  much  to 
dynamic  movements  as  to  internal  heat.  Wberever  such  move- 
ments operated  with  great  violence,  the  lower  Keewatin  sedi- 
ments were  fused,  producing  irruptive  felsytes  and  granite. 
Snch  granite  is  bordered  usually  by  belts  of  crystalline 
schist,  evidently  formed  at  the  time  of  such  fusion. 
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INTRODUCTORY. 

This  report  makes  no  preteosioa  to  be  an  exhaustive  descrip- 
tion of  the  Rainy  Lake  country  and  of  the  gold  interests  ceii> 
tered  there.  The  tijne  allowed  for  study  in  the  field  and  in  the 
laboratory  has  been  entirely  insufficient  for  the  preparation  of 
anything  but  a  preliminary  paper.  The  anthots  have,  however, 
endeavored  to  present  a  report  which  will  give  some  precise 
and  reliable  information  concerning  this  region,  the  occurrence, 
richDess  and  necessary  treatment  of  the  ores,  the  geological 
structure,  and  the  other  resources.  It  is  hoped  that  this  report 
will  be  of  value  as  an  easily  accessible  source  of  information  to 
intelligent  persons  who  desire  to  gain  some  knowledge  of  this 
district,  as  well  as  to  those  who  are  now  in  the  region  or  who 
are  contemplating  visiting  it. 

The  description  of  the  geology  and  the  general  physical 
features  of  the  Rainy  X^ake  region  applies  especially  to  that 
part  of  the  lake  and  its  shores  lying  in  Minnesota,  but  most  of 
the  statements  will  hold  equally  well  for  the  territory  on  the 
other  side  of  the  Internationa]  boundary.  When  certain  feat- 
ures find  better  development  in  Canadian  territory  this  fact 
will  be  mentioned.  The  geological  observations  of  the  authors 
have  been  supplementary  to,  and  in  a  large  degree  confirma- 
tory of,  the  reports  on  this  region  written  by  A.  C.  Lawson* 
and  H.  V.  Winchell.t  To  these  reports  we  are  indebted  for 
corroboration  of  many  of  the  facts  observed  in  the  field,  and  in 
some  cases  for  statements  which  are  essential  to  this  report, 
but  which  we  are  unable  to  make  wholly  on  our  own  authority. 
This  general  acknowledgment  will  snfBce  to  make  it  unneces- 
sary to  give  references  in  cases  where  our  observations  agree 
with  those  of  the  above  mentioned  authors,  but  where  we  are 
entirely  indebted  for  certain  statements  to  the  previously  pub- 
lished reports  reference  will  be  made  to  the  source  of  the  in- 
formation. 

■d>"  andpabllBhed  In  list.  On  this  map  Balar  Iftke  ta  deslgnbMd  B8"I.(»i  Tteama- 
mlouenoa  d«  laPIule."  irhlob  la safflolent  proof  thntattbateBTlrdate,  onebuDdredftnd 
forty  yean  a^.  the  lake  was  knowo  to  Uie  Freoob  eiplorers  aa  Lae  <U  la  Pluie  (Lake 
01  the  KalnJ.  Tbereare  thus  most  exoelleat  grouudB  for  the  bellel  thkt  tha  name 
Bain;  lake  1b  a  dlraot  Iraiulatlon  of  theorlKinal  Frenoh  dealgiiatloa.  Moat  likely 
alao  the  French  name  was  a  tranalatlon  of  the  Ohippetra  name. 

■Report  OD  tbe  goology  of  Ihe  Bain;  Lake  roKloQ.  Oeol.  and  Nat.  Hlat.  Sarvey  of 
Canada,  Ann. Bepl.  forlgaT--B8.  new  aerlea,  vol.  ill,  pp.  1  F-1S2  F.  pU.  IS-ia.  UW.  Ao- 
oompanled  br  a  geologloal  map. 

f  Beport  of  obaBrrattoiiB  made  durlnv  tbe  summer  of  1887.  Qeol.  and  Nat.  Hlat.  Sui> 
TeyofHInn..  18th  (tM71  Ann.  Kept.,  pp.  39B-47B,  1888.    Accompanied  by  a  K«olOi?lcal 
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GOLD,  ITS  OCCURRENCE  AND  ASSOCIATIONB. 

Gold  is  foand  Id  rocks  of  every  geological  age.  It  occurs  in 
the  oldest  and  tbe  most  recent,  both  acid  and  basic,  emptive 
and  sedimentary.  In  many  districts  it  occurs  in  lodes  composed 
of  partially  metamorphosed  rocks,  such  as  slates  or  schists, 
while  its  occurrence  in  holocrystalline  metamorphic  or  igneous 
rocks  is  comparatively  rare.  Among  sedimentary  rocks  its 
occurrence  is  almost  confined  to  the  sands  of  rivers  which  ran 
for  a  part  of  their  course  through  crystalline  formations,  or 
more  particularly  through  districts  in  which  gold  occurs  in 
quartz  veins.  Such  river  sands  are  rarely  quite  free  from 
gold.  The  beds  of  ancient  rivers  no  longer  existent  are  also 
frequently  auriferous.*  The  matrix  in  which  the  gold  is  con- 
tained is  usually  quartz,  intersecting  as  veins  or  isterlaminated 
with,  subcrystaliine,  slaty  or  schistose  rocks,  especially  hydro- 
mica  and  chlorttic  slates.  Gold  also  occurs  sparingly  in  simi- 
lar veins  In  granite  and  gneiss,  and  has  heen  detected  in  the 
trachytes  of  Colorado,  and  in  Silurian  and  Carboniferous 
trachytes,  as  well  as  in  some  limestones. 

The  wide  distribution  of  gold  in  minute  quantities  through- 
out the  world  was  pointed  out  by  W.  E.  Dubois  in  lcl91**  and  is 
thus  commented  upon  by  W.  P.  Blake  :  f  "There  is  a  much 
greater  dissemination  of  gold  in  a  ragged  granular  condition, 
in  situ,  in  fine  particles  in  the  midst  of  rock  formations,  and 
without  any  obvious  connection  with  veins,  than  is  generally 
supposed.  Prominent  examples  are  found  in  the  belts  or  zones 
of  layers  of  soft  slate  in  Georgia,  and  in  North  Carolina.  *  " 
•  •  The  Boly- Fields  gold  vein,  Lumpkin  county,  Georgia,  is 
an  example  of  the  occurrence  of  coarse,  ragged  gold  in  the 
midst  of  a  mass  of  slate,  without  any  defined  quartz  vein.  The 
gold  is  closely  associated  with  bornite,  pyrites  and  dolomite." 
The  dissemination  of  gold  in  the  schistose  rocks  of  North 
Carolina  has  also  been  noted  by  professor  Kerr, ft  s.n.6.  by  Dr. 
Emmons,  and  similar  occurrences  have  been  noted  in  Texas, 
Nova  Scotia,  and  in  other  parts  of  the  world.  At  the  Conten- 
tion mine,  Tombstone,  Arizona,  free  metallic  gold  is  found  in 
the  thin  cracks  and  cleavage  surfaces  of  partially  decayed 
porphyry,  and  appears  to  have  been  deposited  there  from 
solution  and  not  mechanically.    It  occurs  in  thin  subcrystaliine 

■Rou.  Uetaliurgyol  Oold.  IBM,  p.  33. 
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flakes  and  scales,  and  may  have  been  derived  from  the  decom- 
position of  the- iron  pyrites  with  which  the  adjoining  sedi- 
mentary formations  ar6  charged.  Gold  also  occurs  in  small 
quantities  (1  part  in  1,124,000)  in  the  bed  of  clay  on  which  the 
city  of  Philadelphia  is  bailt.* 

According  to  Rose  the  most  common  mineral  associates  of 
auriferons  quartz  lodes  or  placer  deposits  are  platinum,  silver, 
iridosmine,  magnetite;  iron  pyrites,  galena,  ilmenite  or  titan- 
iferous  iron  ore,  copper  pyrites,  zinc  blende,  tetradymite,  zir- 
con, garnets,  rutile  and  heavy  sp^r;  wolfram,  scheelite,  brook- 
ite  and  diamonds  being  less  common.  Diamonds  are  associ- 
ated with  gold  in  Brazil,  and  also  occasionally  in  the  Urals 
and  in  this  country.  The  sulphides  present  in  auriferous 
quartz  frequently  contain  gold,  which  is  usually  in  part  quite 
free,  disseminated  through  the  quartz,  in  visible  grains,  and 
in  part  locked  up  in  the  pyrites,  whence  but  little  can  in  gen- 
eral be  extracted  by  mercury.  It  is,  however,  in  all  probabil- 
ity in  the  metallic  state  in  pyrites,  as  was  shown  by  P.  D. 
Adams  to  be  the  case  in  ore  from  the  Alaska  Tread  well  mine.t 
Calaverite  is  a  telluride  of  gold,  while  sylvanite  or  "graphic 
tellurium,"  petzite  and  nagyagite  are  tellurides  of  gold  and 
silver.  Other  gold  tellurides  and  some  native  gold  amsUgams 
are  occasionally  seen,  but  none  of  these  minerals  are  of  much 
importance  as  ores,  seldom  occurring  in  any  abundance.  In 
Colorado,  however,  are  a  tew  mines  in  which  the  valuable  ores 
are  tellurides. 

Placer  gold  is  usually  in  the  form  of  small  scales,  but  pellets 
or  rounded  grains  also  occur,  while  larger  masses  or  nuggets 
are  usually  of  a  rounded,  mammillated  form.  The  chief  differ- 
ence between  the  appearance  of  placer  and  vein  gold  ties  in 
the  fact  that  the  former  is  always  rounded,  showing  no  sharp 
edges,  even  the  crystals  having  their  angles  smoothed  and 
rounded  off.  This  has  been  pointed  to  by  the  advocates  of  the 
erosion  theory  of  the  origin  of  placer  gold,  as  evidence  in  favor 
of  their  views,  the  roundness  of  the  fragments  being  taken  to 
prove  that  abrasion  of  the  gold  has  been  effected  by  attrition 
through  moving  water  and  grains  of  sand.  The  largest 
masses  of  gold  yet  discovered  have  been  found  in  auriferous 
gravel,!  but  recent  reports  from  the  Coolgardie  district,  in 
western  Australia,  indicate  that  larger  masses  of  gold  may  yet 
be  found  in  quartz  veins  than  have  ever  yet  been  taken  from 

•Boso,  loc.  cit..  p.  30. 
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placers.  This  will  deprive  the  supporters  of  the  ohemica. 
theory  of  the  origiii  of  gold  in  placers  of  oae  of  their  most 
effective  ariraments. 

Native  gold  usually  contains  silver  in  varying  proportioDS, 
its  color  becoming  paler  with  the  increase  of  silver.  Copper 
almost  invariably  contains  gold,  and  even  the  Lake  Superior 
copper,  celebrated  the  world  over  for  its  purity,  contains 
nearly  one  part  of  gold  in  a  million  of  copper,  The  bronze 
and  copper  coins  of  all  nations  are  usually  found  to  contain 
greater  quantities  of  gold  than  this.  Similar  evidence  has 
been  adduced,  tending  to  show  that  all  ores  of  silver,  antimony 
and  bismuth  contain  gold.* 

Even  the  waters  of  the  ocean  contain  gold,  as  demonstrated 
by  Sonstadt  in  1872.t  Munster,  in  1892,  found  an  average  of 
five  milligrams  of  gold  in  a  ton  of  sea  water,  or  26  tons  of  gold 
in  a  cubic  mile  of  water.  It  has  been  estimated  that  the  ocean 
has  an  average  depth  of  2,500  fathoms  and  contains  400  mil- 
lion cubic  miles  of  water,  thus  holding  in  solution  10,250  mil- 
lions of  tons  of  gold,  To  appreciate  to  a  slight  extent  the 
significance  of  this  statement  we  have  only  to  consider  that 
the  world's  total  output  of  gold  during  the  past  400  years  has 
been  only  about  5,300  tons  and  now  amounts  to  about  200  tons 
per  annum.  If  our  gold  were  -all  taken  from  the  ocean  the 
"visible"  supply  would  be  sufficient  to  last  51  million  years  at 
the  present  rate  of  production. 

The  gold  thus  contained  in  the  sea  is  held  in  solution  as  an 
iodide.  But  the  gold  which  occurs  In  the  rocks  of  the  earth's 
crust  is  almost  entirely  native.  For  many  years  it  was  sup- 
posed that  gold  was  not  taken  into  solution  by  any  bat  the  most 
powerful  reagents  to  form  chemical  compounds.  It  is  now 
known,  however,  that  gold  is  soluble  in  several  of  the  most 
common  acids  and  salts,  and  is  transferred  by  them  from  place 
to  place  and  redeposited. 

I.      VEINS  AND  THEIR  ORIGIN. 

It  is  quite  probable  that  the  original  source  of  gold  was  in 
disseminated  form  in  eruptive  rocks.  From  these  it  has  been 
segregated  either  directly  into  veins  which  cut  these  eruptives 
or  into  veins  contained  in  sedimentary  rocks  which  were  formed 
from  the  decay  and  redeposition  of  the  original  eruptives.  The 
minerals  usually  associated  with  gold  in  veins  are  quartz  and 
pyrites.  Other  minerals  such  as  galena,  zinc  blende,  and  other 
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sulphides  or  carbonates  are  not  uDcommoc,  but  quartz  and 
pyrites  are  the  companions  of  gold  the  world  over.  Upon  the 
decay  and  erosion  of  the  pyrites  and  quartz  the  gold  is  nsaally 
found  in  flakes  or  nuggets  of  greater  purity  and  size  than  before 
the  pyrites  is  oxidized.  The  portion  of  a  gold  bearing  vein  which 
has  been  thus  affected  by  oxygen-bearing  waters  sometimes  ex- 
tends to  the  depth  of  two  or  three  hundred  feet  and  is  frequent- 
ly richer  than  the  ore  found  at  greater  depths.  When  decay 
and  erosion  have  progressed  still  further  and  the  veins  are 
broken  down  and  vrashed  away,  the  gold  is  found  in  the  result- 
ing gravel  deposits,  called  placers,  in  the  beds  of  streams  and 
gullies.  Such  placers  have  produc«d  a  very  large  propor- 
tion (about  two-thirds)  of  the  world's  store  of  gold,  and  at  the 
present  time  placer  gold  amounts  to  about  40  per  cent,  of  the 
total  output. 

Veins  are  differently  defined  by  different  writers.  Phillips 
says  they  are  "aggregations  of  mineral  matter,  differing  in 
character  from  the  enclosing  rocks,  in  Assures  formed  in  those 
rocks  subsequently  to  their  consolidation."*  He  says  further 
that  "true  veins"  traverse  the  enclosing  rocks  independently 
of  their  structure  and  not  parallel  to  their  foliation  or  stratifi- 
cation. Veins  of  this  class  are  believed  to  have  originated  in 
fissures  or  faults  produced  by  movements  of  portions  of  tbe 
earth's  crust  and  to  extend  to  an  indefinite  depth.  It  was 
formerly  believed  that  unless  a  vein  was  of  the  variety  called 
a  "true"  or  fissure  vein  it  had  little  value.  This  is  not  true, 
however,  many  large  and  profitable  workings  being  in  segre- 
gated or  "bedded  veins"  which  are  in  a  general  way  parallel 
with  the  enclosing  rocks,  or  even  in  mere  impregnations  of 
the  rocks  themselves. 

It  was  at  one  time  a  common  belief  that  veins  and  their  con- 
tents were  formed  atthe  same  time  as  the  rocks  which  contain 
them.  Then  it  was  seen  that  they  must  be  later  than  the 
rocks  and  of  different  relative  ages,  and  it  was  popularly  sup- 
posed that  they  were  fissures  filled  by  material  which  was 
forced  into  them  in  a  molten  and  fluid  condition  from  great 
depths.  It  is  now  generally  thought  that  the  contents  of  veins 
were  deposited  gradually  from  the  various  solutions  which  are 
continuously  circulating  through  the  rocks  below  the  surface. 
Chemical  analyses  have  revealed  the  presence  in  these  solu- 
tions or  ground  waters  of  the  various  minerals  that  are  now 
being  deposited  on  the  walls  of  the  fissure  from  which  they  were 

■Ore  deposits,  p.  ^. 


_.,..jglc 


42  TWEMTV-THIED  ANNUAL.  REPORT 

taken.  The  idea  of  sudden  and  volcanic  or  eruptive  ori^n  has 
given  way  completely  to  that  of  slow  deposition  through  the 
agency  of  water. 

Although  silica,  or  quartz,  is  insoluble  in  the  ordinary  sense 
of  the  word,  yet  it  is  well  known  to  geologists  that  it  is  held  in 
solution  in  spring,  river  and  sea  waters.  Thus  Forchammer 
found  in  some  samples  three  parts  of  silica  in  one  million  parts 
of  water  or  13,500  tons  of  silica  in  one  cubic  mile  of  sea  water. 
Deville  showed  that  the  river  Loire  contained  about  four  parts 
of  silica  in  100,000  parts  of  water.  The  waters  found  in  mines 
also  contain  silica  insolation.  Daubr^e  proved  experimentally 
that  superheated  steam  has  a  solvent  action  on  silicates  and 
that  upon  lowering  the  temperature  of  the  solution  crystalline 
quartz  of  a  character  similar  to  that  found  in  association  with 
gold  in  quartz  veins  is  precipitated.  Silicified  wood  is  another 
example  of  the  fact  that  silica  enters  into  solution,  and  is  de- 
posited by  the  reducing  agency  of  organic  and  other  matter- 
The  quartz  of  auriferous  lodes  is  then  accounted  for  on  the 
hypothesis  of  aqueous  solution  and  precipitation. 

Gold  is  also  usually  pronounced  soluble  only  in  chlorine, 
Uromine,  iodine  and  one  or  two  other  chemicals  that  are  un- 
common in  nature;  and  if  that  were  trne  there  would  be  some 
dif&cultyin  accounting  for  its  presence  in  quartz  veins  formed 
by  deposition  from  water.  As  a  matter  of  fact,  however,  there 
are  many  solvents  for  gold,  among  them  the  following:  (1) 
Sesqui- chloride  and  sesqui-sulphate  of  iron.  Hence  J.  A.  Phil- 
lips suggested  that  in  the  presence  of  a  reducing  agent  sul- 
phate of  iron  carrying  gold  in  solution  would  be  -changed  to 
pyrite  or  sulphide  of  iron,  and  the  gold  reduced  to  a  metal- 
lic state.  (2)  Hyposulphite  of  soda.  (3)  Sulphuretted  hy- 
drogen at  ordinary  temperatures,  producing  a  sulphide  of  gold 
which  is  soluble  in  alkaline  sulphides,  both  of  which  reagents 
are  generally  present  in  underground  waters,  (i)  As  shown 
by  Prof.  Egleston,  gold  is  soluble  in  the  following: 

Potassium  bromide,  heated  to  150°  to  200°C. 

Potassium  iodide,  "  100°  to  170°C. 

Ammonium  nitrate  with  ammonium  chloride  as  impurity,  at 
ordinary  temperature  and  pressure. 

Potassium  sulphide  at  ordinary  temperature  and  pressure. 

Sodium  "  "  "  *'  "  " 

Potassium  cyanide       "  "  "  "  " 

Ammonium  sulphide  heated  to  145°  to  180°C. 

Free  chlorine. 
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'  'He  conclades  from  his  experiment  sthat  gold  is  not  only  not 
insolable,  but  that  in  nature  it  is  constantly  being  dissolved 
out  of  the  rocks  and  placers,  the  waters  of  filtration  dissolv- 
ing out  of  the  rocks,  in  their  passage  through  them,  all  the 
materials  necessary  for  the  solution  of  the  gold,  and  carrying 
it  in  very  dilute  solutions  until  it  meets  some  substance  that 
precipitates  it.  •  •  •  •  >Phe  same  conditions  which  cause 
the  solution  of  gold  in  certain  cases  cause  ako  the  solution  of 
silica.  •  *  •  No  single  agent  is  so  powerful  a  solvent  of 
gold  as  chlorine.  Very  few  drainage  waters  are  free  from 
some  compouud  of  it,  and  no  soil  is  without  the  nitrogenous 
materials  necessary  to  set  the  chlorine  free,  and  therefore 
capable  of  attacking  the  gold  and  rendering  it  soluble."* 

Mr.  Philip  Argall  speaks  as  follows  regarding  the  origin  of 
gold:t 

1st  Australian  geologists  have  long  held  that  part  of  the 
gold  held  in  the  reefs  was  derived  from  the  ocean,  and  was 
deposited  with  the  strata  now  enclosing  the  veins. 

2d.  Gold  was  also  derived  from  the  eruptives,  particularly 
the  dioryte  (greenstones). 

3d.  Gold,  throughout  the  world,  is  of  somewhat  similar' 
origin,  and  is  in  all  probability  mostly  derived  from  igneous 
rocks. 

4th.  Gold  readily  enters  into  solution,  and  is  so  found  in 
mine  waters,  and  impregnating  mine  timbers,  in  association 
with  the  alkalies  and  alkaline  earths  combined  with  sulphur. 

5th.  These  mine  waters  chiefly  consist  of  the  alkaline  chlor- 
ides and  sulphates. 

6th.  That  waters  holding  these  salts  in  solution  are  found 
in  the  inclusions  of  vein-quartz  carrying  the  precious  metals. 

Experiments  conducted  by  E.  Cumenge  tend  to  show  that 
the  alkaline  auro-silicate,  obtained  in  the  wet  way.  may  have 
played  an  important  part  in  the  formation  of  auriferous  quart^.^ 

HISTORICAL  SKETCH  OP  GOLD  DISCOVERIES  IN  THE 
LAKE  SUPERIOR  REGION. 
There  are  reasons  for  believing  that  the  first  discovery  of 
gold  in  the  Lake  Superior  region  was  made  by  Dr.  Douglass 
Houghton  in  1845  not  far  from  the  present  town  of  Negaunee. 
The  story  is  told  by  Mr.  S.  W.  Hill,  and  a  voyageur  named  An- 

•Zyoni.  A.  1.  M.  E.,  Ii.  046,  SM,  IBSl. 
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toine  dii  Noir.  They  agree  in  the  statement  that  Dr.  Hoaghton 
wandered  away  from  camp  one  day,  alone,  as  he  was  accus- 
tomed to  do,  and  returned  about  dark  with  a  bag  full  of  speci- 
mens in  which  native  gold  was  plainly  visible.  He  told  them 
that  they  were  in  a  gold  country,  and  that  he  should  not  be 
surprised  to  find  quantities  of  it  in  the  Huron  hills.  A  piece  of 
the  quartz  found  at  that  time  was  worn  as  a  pin  for  many  years 
by  Mr.  Jacob  Houghton,  a  brotherof  the  doctor.  The  notes  of 
this  season's  work  were  lost  in  the  lake  at  the  time  of  Dr. 
Houghton's  death,  but  the  accounts  of  the  explorers  are  gener- 
ally believed  to  be  trustworthy  and  the  discovery  of  the  liopes 
vein  in  this  same  vicinity  at  a  later  period  is  v6ry  strong  cor- 
roborative proof  of  their  verity. 

Beyond  the  traces  of  gold  found  in  assaying  the  silver  and 
copper  ores  of  Michipicoten  island  and  other  localities  around 
lake  Superior,  there  was  no  gold  discovery  or  "boom"  until 
1865.  In  this  year  gold  ore  was  reported  from  Vermilion  lake, 
Minnesota,  by  state*  geologist  Eames  and  others.  A  wagon 
road  was  laid  out  from  Duluth  to  the  new  Eldorado,  a  dis- 
tance of  75  miles  through  the  forest-  Prof.  N.  H.  Winchell 
speaks  as  follows  about  this  Vermilion  lake  development:* 
"At  that  time  a  flush  of  feverish  excitement  led  to  the  ex- 
penditure of  considerable  money  in  sinking  shafts  and  erecting 
works  for  mining.  Three  steam  stamp  mills  were  erected, 
another  running  by  water  power.  One  was  owned  by  the  New 
York  Mining  Company,  whose  location  ws>s  near  the  "Mission" 
on  the  south  shore,  another  by  Nobles  and  Company,  further 
northwest,  and  another  by  Seymour  and  Company.  The  water 
power  mill  was  owned  by  the  Wabasha  Company,  and  was  lo- 
cated about  two  miles  from  Vermilion  lake,  at  Trout  lake. 
Eight  or  ten  mining  companies  were  at  work  simultaneously 
in  different  parts,  mainly  on  the  southern  shores,  or  on  islands. 
A  townsite  was  laid  out  at  the  southern  extremity  of  the  lake, 
several  large  buildings  put  up,  and  stated  communication  made 
with  Duluth.  The  village  was  named  Winston.  Above  the 
village,  at  Pickerel  falls,  a  lumber  mill  was  projected  and  the 
foundations  laid. "  The  very  land  subsequently  found  so  valuable 
for  iron  ore,  where  the  bard  hematite  and  jasper  stood  out  ia 
bald  knobs,  a  hundred  feet  high,  was  taken  for  gold  claims. 
The  veins,  however,  proved  to  contain  more  pyrite,  marcasite 
and  pyrrhotite  than  gold,  and  by  1867  the  country  was  deserted, 
iron  deposits  and  all. 
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The  aezt  gold  discoveries  were  in  Canada  and  were  made  in 
1871  by  Ptiter  McKellar  of  Fort  William,  Ontario.  The  vein  is 
said  to  be  six  or  eight  feet  wide,  composed  of  quartz  and  inter- 
calated layers  of  green  schist.  The  country  rock  is  chloritic 
and  dioritic  schist,  siliceous  magnetite  and  massive  dioryte,  all 
having  a  northwesterly  dip  of  65°  to  80°.  The  vein  strikes  and 
dips  nearly  conformably  with  the  enclosing  rocks.  Intrusive 
syenite  appears  abdut  a  mile  to  the  northeast.  The  mine  devel- 
oped here  was  called  the  "Huronian"  and  is  situated  on  loca- 
tion "H  1"  in  Moss  township  near  lake  Shebandowan,  about 
70  miles  northwest  of  Port  Arthur.  A  10-stamp  mill  was 
erected  in  1883  and  operated  for  a  short  time  in  1884  and  1885. 
The  gold  occurs  native  and  in  combTnation  as  a  telluride,  asso- 
ciated with  galena,  pyrite,  chalcopyrite  and  zinc  blende.  It  is 
said  that  the  mill  "cleaned  up"  $21.00  per  ton  of  ore  stamped, 
and  that  much  of  Jthe  gold  was  lost.  Owing  to  the  expense  of 
procuring  supplies  the  mine  has  not  been  worked  since  1885. 
□In  1872  gold  was  found  on  an  island  in  Partridge  lake,  a  short 
distance  west  of  Lac  des-Mille- Lacs  in  a  large  quartz  vein  cut- 
ting "Huronian"  schist.  Samples  from  this  vein  which  showed 
nuggets  of  gold  were  exhibited  at  Philadelphia  in  1876. 

In  1875  small  nuggets  of  gold  were  found  in  a  vein  of  quartz 
intersecting  reddish  granite  at  Victoria  cape  on  the  western 
side  of  Jackflsh  bay,  on  the  north  shore  of  lake  Superior.  An- 
other vein  of  quartz  H  to  3^  feet  thick,  holding  iron  pyrites, 
galena  and  blende  and  cutting  the  granite  in  close  proximity 
to  a  slaty  diory  te  at  this  locality  yielded  on  assay  {27  worth  of 
gold  per  ton.* 

Gold  has  been  known  to  exist  at  Lake  of  the  Woods  since 
1878,  and  has  been  referred  to  in  the  Canadian  geological  re- 
ports and  other  literature.  The  title  to  lands  in  that  vicinity 
being  claimed  by  both  the  Ontario  and  Dominion  governments, 
mining  was  not  actively  prosecuted  until  1890  or  thereabouts. 
It  is  difficult  to  learn  what  success  has  attended  mining  oper- 
ations in  this  district.  It  is  certain  that  many  of  them  have 
been  unprofitable,  but  whether  this  has  been  due  to  the  poor 
quality,  small  quantity,  or  cost  of  mining  and  treating  the  ore, 
or  to  the  lack  of  scientific  mining  and  metallurgical  methods 
could  not  be-  ascertained.  The  rocks  of  this  region  are  quite 
similar  to  those  around  Rainy  lake,  and  it  might  be  supposed 
there  would  be  some  similarity  between  the  veins  of  the  two 
districts.     It,  then,  there  are  profitable  mines  on  Lake  of  the 
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Woods,  there  is  eDcouragement  for  Rainy  lake.  The  Sultana 
mine  is  often  referred  to  as  having  been  operated  profitably, 
notwithstanding  the  money  wasted  in  apparatus  for  handling 
refractory  ores  of  which  the  mine  is  said  to  contain  less  than 
five  per  cent.  Indeed,  it  is  doubtless  because  of  the  mistaken 
idea  that  the  gold  ore  of  the  Lake  of  the  Woods  is  refractory 
that  more  development  work  has  not  been  accomplished,  and 
more  information  gained  as  to  the  true  chatacter  and  richness 
of  these  veins. 

In  1S81  Mr.  Julius  Ropes  noticed  gold  in  a  vein  about  six 
miles  northwest  of  the  city  of  Ishpeming,  Michigan.  Regular 
mining  was  began  here  in  October,  1882,  and  during  the  fol- 
lowing summer  a  5-Btamp*  mill  was  erected.  In  1684  a  25- 
stamp  mill  was  completed  and  put  in  operation.  This  is  the 
only  genuine  gold  mine  in  Michigan,  although  there  have  been 
other  discoveries  of  gold  in  quartz  veins,  and  considerable 
prospecting  in  the  shape  of  test  pits  and  shafts.  In  1885  con- 
siderable excitement  was  caused  by  the  discovery  of  gold 
three  miles  west  of  the  Ropes  mine  on  land  belonging  to  the 
Lake  Superior  Iron  Mining  company.  Some  beautiful  samples 
of  ore  were  obtained  here,  but  the  average  did  not  warrant  the 
expenditure  necessary  to  develop  a  mine,  and  the  project  was 
abandoned. 

All  of  the  auriferous  quartz  lodes  of  the  Lake  Superior 
region  are  in  rocks  of  Archean  age.  The  majority  of  them 
are  in  the  green  schists  and  are  not  of  the  class  called  "true 
Assure"  veins.  None  of  them  have  thus  far  been  markedly 
productive,  and  most  of  them  have  failed  to  yield  any  profit 
whatever.  If  there  are  any  which  promise  to  become  paying 
mines  it  must  be  because  of  cheaper  methods  of  treating  the 
ore  or  the  presence  of  better  ore  resulting  from  more  favor- 
able geological  conditions  in  their  immediate  vicinity.  For 
a  description  of  the  geology  of  the  Rainy  Lake  region  as  well 
as  the  different  '  'prospects"  thus  far  discovered  in  that  district 
the  reader  is,  referred  to  the  sections  of  this  report  entitled 
"Creneral  features  and  geology,"  (p.  47)  and  "Descriptions  of 
veins  in  general  and  of  individual  properties"  (p.  tZ). 
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GENERAL  FEATURES  AND  GEOLOGY 

I.      GENERAL  FEATURES. 
Location. 


,>■ 


The  area  shown  on  the  accompaQying  geological  map  (plate  i) 
comprises  the  region  here  reported  on.  Roughly  speak- 
ing it  includes  the  northeastern  corner  of  Itasca  county,  the 
northwestern  corner  of  St.  Lonis  county  and  a  belt  of  country, 
^f  eight  to  fifteen  miles  wide,  immediately  to  the  northward  in 
<^  ^  Ontario.  More  accurately  the  region  mapped  and  described 
'(  extends  from  the  east  side  of  range  18  W.,  St.  Louis  county, 

;  -s  (about  longitude  92°  34'  west  of  Greenwich),  west  to  the  west 
'^1-  line  of  range  24  W.,  Itasca  counl^  (about  longitude  93°  29'),  a 
-•i  distance  of  forty  two  miles;  and  from  the  south  side  of  town'- 
^^  ship  69  N..  (about  latitude  48°  25')  north  to  latitude  48°  45',  a 
S  distance  of  twenty-three  miles.  The  map  thus  inclndes  966 
,  '  square  miles,  which  are  about  equally  divided  between  Minne- 
~        ■  sota  and  Ontario. 

Rainy  lake  comprises  the  larger  part  of  the  water  surface  in 
the  area  mapped.  It  extends  along  the  International  boundary 
from  Kettle  fails,  in  sec.  30,  T.  70  N.,  range  18  W.,  westward 
to  its  outlet  in  sec.  25,  T.  71-24,  a  distance  of  about  forty-one 
miles.  Less  than  one-fourth  of  the  surface  of  the  lake  lies  in 
Minnesota,  and  several  bays  extend  north  and  northwest  of  the 
area  shown  on  the  geological  map. 

Raioy  Lake  City,  which  was  the  first  town  started  in  this 
district  in  Minnesota,  is  situated  in  section  34,  T.  71-22,  Itasca 
county,  and  is  135  miles  in  a  straight  line  north-northwest  of 
Duluth  and  250  miles  north  of  St.  Paal  and  Minneapolis.  Koo- 
chiching, Itasca  county,  and  Fort  Frances,  Ontario,  are  on  op- 
posite Bides  of  the  Rainy  river  at  Koochiching  falls,  twelve 
miles  west  of  Rfuny  Lake  City  and  two  and  a  half  miles  west 
of  the  outlet  of  Rainy  lake. 

Topography. 

Bainy  lake  Is  a  very  irregularly  outlined  body  of  water 
with  many  crooked  bays  and  numerous  islands,  which  vary  in 
size  from  mere  reefs  to  those  several  square  miles  in  extent. 
The  surface  of  the  lake,  inclosive  of  islands,  has  been  com- 
puted to  include  344  square  miles.  Its  extreme  length  is  from 
the  east  end  of  Hale  bay,  which  is  about  four  miles  east  of 
Kettle   falls,  northwestwardly  to  the  extremity  of  Northwest 
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bay,  in  all,  fifty-five  miles.  The  extent  of  the  lake  east  aod 
west  is  forty-six  miles,  and  the  extreme  width  (north  and 
south)  thirty-three  miles,  of  which  twenty-three  miles  are  m 
Canadian  territory.  On  account  of  the  irregular  shape  of  the 
lake  and  its  numerous  points  and  islands  there  is  no  very  con- 
siderable stretch  of  open  water,  but  in  a  few  places  the  view  is 
unobstructed  for  ten  to  fifteen  miles  is  one  direction.  That 
part  of  the  lake  lying  along  the  International  boimdary  con- 
sists of  an  eastern  arm  extending  from  Kettle  falls  to  Bml^ 
narrows,  and  the  southern  side  of  the  main  part  of  the  lake 
lying  west  of  Brul6  narrows.  The  eastern  arm  is  twenty  miles 
long  (east  and  west)  and  from  two  to  five  miles  wide.  The 
main  part  of  the  lake  has  several  large  bays  running  north 
into  Ontario;  in  fact,  most  all  of  tbis  section  of  the  lake  lies 
north  of  the  boundary  line.  The  only  extensive  bay  on  the 
Minnesota  side  is  a  shallow  body  of  water  lying  in  the  north 
half  of  T.  70-22,  known  as  Black  bay.  or  as  Rat  Root  lake  by 
the  Indians. 

The  land  surrounding  Rainy  lake,  except  ou  the  west,  slopes  - 
toward  the  lake,  which  thus  receives  the  drainage  of  a  consid- 
erable area  The  extent  of  the  drainage  basin  of  Rainy  take 
is  some  16.440  square  miles,  of  which  4,440  are  in  Minnesota 
and  12,000  in  Ontario.  The  two  most  important  sources  of 
supply  from  Minnesota  are  the  waters  of  the  Vermilion  river 
and  those  of  the  International  boundary  chain  of  lakes.  This 
latter  source  brings  water  from  both  sides  of  the  boundary 
line  for  a  distance  of  150  miles  to  the  east-southeast  of  Kettle 
falls,  i.  e.  from  the  divide  between  the  lake  Superior  and  the 
Hudson  bay  drainage  in  T.  65  N. ,  R.  2  W. ,  Cook  county  (between 
North  and  South  lakes).  Rainy  lake,  whose  drainage  basin 
is  equal  to  nearly  one-fifth  of  the  area  of  the.  state  of  Minne- 
sota, discharges  its  waters  through  the  Rainy  river.  This 
begins  at  the  outlet  of  the  lake  in  sec.  25,  T.  71-24,  a  locality 
known  as  Koochiching  by  Che  Indians.  Here  are  two  small 
rapids,  with  a  fall  of  three  feet,  beyond  which  the  river  flows 
westward  as  a  stream  600  to  1,200  feet  in  width  to  the  Lake  of 
the  Woods,  and  from  thence  the  waters  find  their  way  into 
Hudson  bay.  Two  and  a  half  miles  west  of  the  outlet  are  the 
Koochiching  falls  where  the  river  plunges  over  a  ledge  of  rock 
twenty-one  to  twenty-four  and  a  half  feet  high  at  different 
stages  of  water  in  the  river.  (See  plate  ii,  figure  1.)  It  is  esti- 
mated that  there  are  12,000  cubic  feet  of  water  flowing  out  of 
Rainy  lake  every  second. 
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The  altitude  of  Rainy  lake  has  not  been  definitely  determined, 
but  the  estimate  of  Mr.  Warren  Upham*  of  I,1J5  to  1,120,  or  a 
mean  of  1,117  feet  above  sea  level,  is  probably  nearly  correct. 
The  greatest  known  depth  of  the  lake~is  at  a  place  about  six 
miles  north-northwest  of  the  Brul^  narrows,  where  there  is  the 
lowest  depression  in  the  region,  or  a  depth  of  water  of  110  feet, 
while  the  average  depth  of  the  lake  is  probably  not  far  from 
forty-seven  feet-f  The  accompanying  ^ble  gives  the  bights 
in  feet  above  the  sea  level  of  some  of  the  lakes  in  this  vicinity 
and  to  the  southward.  Those  marked  by  an  asterisk  are  accu- 
rately determined. 

TABLE   OF    ALTITltDBS  OF  LAKES. 

RaiDjlake,  UI5  to  1120;  mean un 

Kabetogama  lake 1125 

Namekau  lake 1125 

Sand  Point  lake 1126 

Crane  lake 1126 

Little  Vermilion  lake 1127 

Loon  lake 1166 

Lac  la  Croix  (Hequafiuon  lake) 1186 

Iron  lake 1210 

Crooked  lake 1240 

Baaewood  (Basslmenao)  lake "1300 

Vermilion  lake •1357-1360 

Lake  Superior •601.58 

The  Eainy  Lake  district  is  of  the  nature  of  aplateau  with  a 
very  gentle  slope  from  all  directions,  except  the  west,  toward 
the  lake.  This  plateau,  while  not  having  a  perfectly  even  sur- 
face, still  is  not  broken  by  any  considerable  elevations  or  de- 
pressions, and  altogether  has  a  decided  flatness.  The  imme- 
diate shores  of  the  lake  usually  do  not  rise  more  than  fifty  feet 
above  the  water,  and  land  100  feet  higher  than  the  lake  surface 
is  not  common.  The  highest  land  in  the  Minnesota  part  of 
this  district  is  just  to  the  south  of  Kabetogama  lake,  and 
the  highest  elevation  in  the  area  mapped  is  between  Open 
Water  narrows  and  Bear's  passage,  where  a  ridge  rises  about 
275  feet  above  the  lake  level,  or  somewhat  less  than  1,400  feet 
above  the  level  of  the  sea.  The  lowest  depression  has  already 
been  mentioned,  110  feet  below  tlte  surface  of  the  lake,  or  1,007 
feet  above  the  sea.  The  average  elevation  of  the  land  is  prob- 
ably not  more  than  sixty  feet  higher  than  the  lake,  or  1,175  feet 
above  the  sea.     A  number  of  soundings  made  by  Dr.  A.  C. 

•Altitudes  bHtween  lake  Supertot  and  the  Rooky  mouatulDH:  U.S.  Qeul.  Surve;,  Bui. 
No.  7:.  p.  188,  ISBI. 
♦A.C.  Lii«k>d:  "p.  elt.,  pp.  18  F,  18  F. 


~4Q 


;v  Google 


50  TWENTY -THIED  ANNUAL  REPORT 

Lawson  show  that  the  general  level  of  the  lake  bottom  is  about 
as  much  below  the  surface  of  the  water  as  the  adjacent  land  is 
above  it;  consequently  if  land  and  water  areas  were  in  equal 
amounts  the  general  level  of  the  plateau  would  be  nearly  that 
of  the  surface  of  the  take.  Bat,  as  the  land  surface  much  ex- 
ceeds the  water,  the  average  elevation  is  some  feet  above  the 
lake  level ;  and  it  is  estimated  that  the  average  elevation  of  the 
plateau  in  the  area  shown  on  the  geological  map  (plate  i)  is 
approximately  1,150  feet  above  the  sea,  or  5i6  feet  higher  than 
lake  Superior. 

The  remarkable  general  flatness  of  the  district  is  well  shown 
by. the  large  area  penetrated  by  water  that  stands  at  nearly  the- 
same  level.  Bainy  lake  itself,  with  an eztentof  forty-six  miles 
east  and  west  and  thirty- three  miles  north  and  south,  may  belaid 
to  extend  through  a  rectangular  area  of  these  dimensions;  thus 
its  waters  are  spread  out  in  various  parts  of  a  district  including 
1,500  square  mites,  and  the  general  elevation  of  this  rectangu- 
lar district  is  not  many  feet  above  the  lake  surface.  White  just 
to  the  south  and  southeast  is  a  series  of  lakes,  including  Kabe- 
togama,  Namekan,  Sand  Point,  Crane  and  Little  Vermilioa 
lakes,  which  have  an  area  probably  half  as  large  as  Rainy  lake 
and  which  stand  at  a  level  only  eight  or  nine  feet  higher. 

This  plateau-like  nature  of  the  district  will  be  again  referred 
to  in  the  outline  of  the  geological  history  of  the  region,  and  a 
possible  explanation  of  the  present  topography   will  be  sug- 


In  its  general  appearance  this  district  is  characteristic  of 
much  of  northeastern  Minnesota;  it  is  a  country  of  lakes, 
swamps,  and  timbered  rocky  knolls.  The  surface,  especially 
in  the  district  here  reported  on,  is  not  truly  hilly,  but  mammil- 
lated  or  bummocky.  The  small  knolls  that  rise  above  the  level 
of  the  lakes  and  swamps  are  glacially  rounded  aud  are  covered 
with  only  a  scant  soil,  which,  however,  supports  quite  a  luxu- 
riant growth  of  pines,  spruces,  balsam  fir,  white  birch  and 
poplar.  The  shores  of  Rainy  lake  are  generally  rocky,  but 
toward  the  western  end  sand  beaches  are  frequently  seen,  aud 
the  heads  of  the  bays  are  usually  marshy  or  swampy.  Over 
large  tracts  there  are  practically  no  surface  deposits  of  glacial 
or  more  recent  origin,  the  rocks  coming  to  the  surface  whenever 
the  thin  forest  soil  is  pushed  aside.  The  surface  is  dotted  with 
numerous  lakes  and  lakelets  varying  in  size  from  an  acre  to 
bodies  of  water  a  hundred  or  more  square  miles  ia  extent.  The 
lakes  are  largely  in  completely  rock-bound  basins  and  most  of 
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them  are  elongated  in  a  direction  parallel  to  the  trend  of  the 
country  rocks.  Prom  one  rocky  basin  a  short,  rapid  stream 
carries  the  water  of  one  lake  down  to  the  next  lower  basin,  and 
in  this  way  the  greater  part  of  the  drainage  is  accomplished. 
Aside  from  these  streams  there  are  over  large  araas  none  of 
any  importance  and  nothing  that  can  be  called  a  river,  bnt 
wherever  the  rocks  are  covered  with  considerable  quantities  of 
drift  the  lakes  become  scarcer  and  the  drainage  is  carried  oa 
by  the  ordinary  rivers  and  smt^er  streams.  The  outlets  of 
the  lakes  are  so  narrow  that,  after  the  melting  of  the  snows 
and  after  the  early  spring  rain^  the  waters  are  partially  dammed 
back  and  held  at  a  level  four  or  five,  or  even  ten  feet  higher 
than  normally. 

At  the  west  end  of  Rainy  lake  this  surface  of  lake  and  rook 
suddenly  gives  way  to  a  plain  of  clays,  through  which  the  un- 
derlying rock  rarely  emerges.  The  change  from  the  rocky  lake 
country  to  this  clay  plain  is  abrupt  and  very  striking,  and  is 
intensified  by  an  equally  sudden  change  in  the  flora;  the  lake 
shores  and  the  country  to  the  east  have  a  forest  largely  of  ev- 
ergreens and  boreal  in  its  aspect,  while  to  the  west  of  the  lake 
a  forest  largely  deciduous  and  more  souihern  in  its  character 
appears.  The  extremely  fiat  ^rface  of  the  plain  is,  as  far  as 
altitude  is  concerned,  a  continuation  of  the  rocky  plateau  to  the 
east;  it  has  a  gentle  slope  to  the  west  and  is  unvaried  by  lakes 
or  other  features  except  the  shallovr,  steep-sided  trenches  cut 
by  the  Rainy  river  and  its  tributaries. 

II.      GEOLOGY. 

The  rocks  underlying  this  district  are  among  the  most 
ancient  known.  To  a  considerable  extent  they  are  completely 
crystalline,  and,  while  many  of  them  bear  evidence  of  having 
been  deposited  in  water  as  true  sediments,  still  they  offer  no 
trace  of  any  fossils  and  are  regarded  by  some  geologists  as 
older  than  the  earliest  life  on  the  globe.  From  the  flat  posi- 
tion, in  which  these  strata  were  originally  deposited,  they 
have  been  elevated,  folded  and  crumpled  so  that  now  they 
stand  in  abnormal  attitudes;  and,  in  addition  to  the  mountaio 
making  forces  to  which  these  rocks  have  been  subjected,  they 
have  been  intruded  by  vast  masses  of  granitic  rock.  Thus  it 
is  difiicult  to  decipher  the  exact  structure  of  the  region. 
Another  cause  of  this  difficulty  is  the  almost  universal  devel- 
opment, except  in  some  of  the  granitic  rocks,  of  parallel 
schistose  structures,  which  are  easily  mistaken  for  sedimen- 
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tary  planes  and  which  are  cot  always  parallel  to  these  planes, 
albhoQgh  as  a  rule  in  this  district  the  schistose  structure  coia- 
cides  in  direction  with  the  bedding.  The  general  strike  of 
the  rocks  is  from  east  and  west  to  east-northeast  and  west- 
southwest,  but  outside  of  the  area  shown  on  the  geological 
map  the  strike  varies  much,  the  rule  being  that  it  follows 
around  the  outlines  of  the  great  granite-gneiss  masses  of  the 
region. 

la  age,  all  of  these  rocks,  with  possibly  the  exception  of  the 
diabase  dikes  whose  exact  age  is  unknown,  are  pre-Cambrian. 
They  are  readily  separable  into*four  distinct  groups.  Begin- 
ning with  the  lowest  these  are:  1.  Laurentian,  composed  of 
granites  and  granitoid  gneisses  and  allied  rooks;  2.  Coutchi- 
ching,  composed  of  mica  schists  grading  into  fine  grained 
gneisses;  3.  Keewatin.  composed  of  hornblendic,  greenish  and 
sericitic  schists,  conglomerates,  graywackes,  etc.;  4.  Diabase 
dikes,  more  recent  than  and  cutting  all  the  others.  The  fol- 
lowing table  will  show  the  position  of  these  rocks  at  the  base 
of  the  geological  column,  their  equivalents  in  the  country  to 
the  southeast  of  Rainy  lake  and  their  designations  in  the  terms 
used  by  the  Gleological  and  Natural  History  Survey  of  Min- 
nesota. In  the  nomenclature  of  the  United  States  Geological 
Survey  the  Keewatin  and  Coutchiching  belong  to  the  Algon- 
kian,  and  the  Laurentian  to  the  Archean  or  Basement  Complex.* 
In  the  table  the  uppermost  or  more  recent  rocks  are  placed  at 
the  top. 
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The  Rainy  Lake  district  has  no  rocks  more  recent  than  these 
ancient  Archean  ones,  but  scattered  over  the  surface  are  small 
deposits  of  glacial  drift,  and  just  west  of  the  lake,  as  has  al- 
ready been  mentioned,  is  a  considerable  thickness  of  clays. 

The  Laurentian.* 

The  Laurentian  is  composed  entirely  of  completely  crystal- 
line rocks, — granites  and  syenites  with  gneisses  of  the  same 
mineralogical  composition.  The  extent  of  territory  covered  by 
such  rocks  in  northern  Minnesota  and  adjacent  portions  of  On- 
tario is  surprisingly  great.  Nearly  a  third  of  the  region  here 
reported  on  is  underlain  by  the  Laurentian,  while  all  the  shores 
of  Rainy  lake  north  of  the  area  shown  on  the  geological  map 
are  composed  entirely  of  these  sam  j  rocks.  Contrary  to  expec- 
tation these  hard  granitic  rocks  do  not  always  form  pronounced 
hill  ranges,  as  is  the  case  with  the  Giant's  range  of  granitic 
hills  on  the  northern  flank  of  the  Mesabi  iron  range,  but  very 
frequently  these  areas  of  Laurentian  rock  give  a  comparatively 
level  surface  on  which  are  extensive  and  extremely  irregular- 
ly outlined  )>odies  of  water.  Examples  of  these  spider-like 
lakes  stretching  over  considerable  areas  of  granite  can  be  seen 
in  Sagauaga,  Basswood  (Bassimenan)  and  Crooked  lakes,  and 
in  Lac  la  Croix  and  a  large  portion  of  Rainy  lake  itself. 

In  color  the  Laurentian  rocks  are  white,  gray,  pinkish  and 
reddish,  the  prevailing  color  in  any  one  place  being  largely  due 
to  the  color  of  the  most  important  mineral, — the  feldspar.  Id 
grain  these  rocks  vary  from  those  in  which  the  individual  min- 
erals can  scarcely  be  recognized  with  the  naked  eye,  to  very 
coarse  aggregates  where  some  of  the  feldspar  crystals  are  sev- 
eral inches  aci-oss.  Most  of  these  rocks  can  be  called  granites, 
i.  e.,  they  are  granular  aggregates  of  quartz  and  feldspar  with 
a  dark  mineral,  either  black  mica  (biotite),  hornblende  or  augite. 
Sometimes  two  of  these  are  present,  and  in  other  places,  espe- 
cially in  the  coarse  grained  dikes  or  veins  which  occur  in  th& 
mica  schists,  white  mica  (muscovite)  is  the  only  mineral  pres- 
ent in  addition  to  the  quartz  and  feldspar.     The  quartz  fre- 

*In  this  report  the  term  LaiinmtUin  la  used  to  laclude  &11  the  gnei^nlc  and  Kraiiltlc 
rockBof  the  ArcheUD  In  1  his  region,  That  many  of  these  roclia  &rc  uC  Ist«r  date  tbsa. 
and  Intrusive  Into,  parts  at  the  Coulchlchlng  and  Keewatla,  1b  well  knonn;  but,  aa 
■uch  TOCka  have  generally  beeo  mapped  and  deacrlbed  sa  LaureetlaD  In  the  preTlous 
reports  of  the  Ulnneeota  survey,  and  as  they  have  been  also  described  under  this 
t«rTii  by  Lawaon  In  his  well  known  writings  on  the  geology  ol  that  paitof  Ontario 
lying  Immediately  to  the  north  ot  Hlanesota.  and  as  sueh  rocks  are  gcnerBll;  knuwn 
as  Laarentlan.  the  writers  have  thought  beat  to  retain  this  tariD  In  the  present  re- 
port, eve  □  though  this  usHago  Is.  In  part  at  least,  a  Holatlon  of  the  Ideaor  Laurentian 
used  strictly  as  au  age  term. 
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qnently  diminishes  in  quantity  and  even  completely  disappears; 
such  a  rock  with  no  quartz,  or  a  very  smaJl  amount  of  it,  is 
known  as  syenite.  In  fact  all  the  minerals  vary  greatly  in 
amount  in  the  different  parts  of  one  rock  mass.  For  example, 
a  rock  in  a  certain  place  composed  oF  quartz,  feldspar  and 
hornblende  will  vary  by  a  gradual  decrease  of  the  hornblende 
until  almost  none  is  left,  and  we  have  a  rock  composed  almost 
entirely  of  quartz  and  feldspar;  or,  as  the  hornblende  decreases, 
mica  or  augite  may  increase  and  we  have  a  change  from  a  horn- 
blende granite  to  a  mica  or  an  augite  granite.  The  only  min- 
«ral  which  is  prevalent  throughout  the  whole  of  the  Laurentian 
is  feldspar,  and  even  this  varies  greatly  in  amount  within  small 
distances. 

In  structure,  also,  the  Laurentian  rocks  differ  considerably. 
The  granites  and  syenites  are  sometimes  massive  in  appear- 
ance, t.  e.,  they  exhibit  no  schistose  or  laminated  structures; 
the  structure  is  granular,  and  every  part  of  an  exposure  is  like 
every  other  part,  except  perhaps  as  regards  the  relative  pro- 
portions of  the  different  minerals  or  the  fineness  of  the  grain. 
But  this  massive  appearance  is  by  no  means  prevalent  through- 
out the  whole  region;  it  generally  gives  place  to  a  somewhat 
schistose  or  foliated  structure.  Some  of  the  minerals  of  the 
granite  or  syenite  are  often  seen  elongated  or  flattened  in  one 
direction;  this  is  especially  true  of  the  mica.  When  this  is  the 
case  the  rock  breaks  more  easily  along  the  planes  in  which 
these  crystals  lie.  Or  the  rocks  may  be  crossed  by  narrow 
streaks  which  are  composed  largely  of  one  mineral  with  the 
longer  diameters  of  many  of  the  crystals  lying  roughly  paral- 
lel. At  other  times  certain  bands,  one  to  three  or  more  inches 
wide,  will  be  seen  running  through  the  rock,  each  band  l>eing 
of  a  somewhat  different  composition  or  texture  from  the  ad- 
joining ones.  These  foliated  and  banded  rocks  are  known  as 
gneisses,  and  in  this  region  they  can  be  conveniently  desig- 
nated as  granite  gneiss  or  syenite  gneiss,  depending  upon 
whether  the  mineralogical  composition  is  similar  to  that  of  gran- 
ite or  syenite.  These  various  features  of  the  Laurentian  rocks 
allow  them  to  be  separated  into  different  classes  or  groups  both 
mineralogically  and  structurally,  but  these  groups  are  frequent- 
ly seen  grading  into  each  other.  The  hornblende  granite 
of  one  point  will  pass  gradually  into  a  hornblende  syenite  near 
by,  and  this  again  may  change  to  a  mica  syenite.  Again,  a 
perfectly  massive  rock  will  become  foliated  within  a  short  dis- 
tance, the  intervening  steps  between  the  massive  and  the  fo- 
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listed  or  gaeissic  ruck  being  readily  traceable.  It  thus  is  of  tea 
impossible  to  draw  a  line  between  the  various  phases  of  these 
Laurentiao  roclis;  consequently  in  the  geological  map  no  at- 
tempt has  been  made  to  separate  the  different  varieties.  It  is 
unnecessary  to  describe  all  the  outcrops  of  these  rocks,  or  to 
indicate  the  areas  occupied  by  each  of  the  different  groups,  but 
a  brief  account  of  a  few  of  the  more  interesting  or  typical  oc- 
currences will  be  given  below. 

At  Koochiching  falls  the  rock  is  a  medium  gray  biotite 
syenite;  the  component  minerals  are  white  feldspar  and  biotite, 
with  a  little  hornblende  and  epidote.  This  syenite  is  massive 
in  some  places,  but  usually  shows  a  slight  indication  of  a 
foliated  or  gneissic  structure,  thus  approaching  a  biotite  syen- 
ite gneiss.  It  contains  many  darker  masses,  sometimes  a  foot 
or  more  in  diameter;  they  are  composed  of  the  same  minerals 
as  the  main  part  of  the  rock,  but  the  mica  makes  up  a  very 
large  proportion  of  each  dark  mass.  These  darker  masses  can 
be  referred  to  fragments  of  foreign  rock  included  in  the  syen- 
ite, or  to  segregations  of  the  basic  minerals  of  the  syenite  it- 
self. This  medium  grained  gray  biotite  syenite  is  the  usual 
phase  of  the  rock  at  the  falls.  It  is  especially  well  shown  in 
the  rocks  thrown  out  from  an  excavation  for  a  canal  at  Fort 
Frances  made  by  the  Canadian  government  some  years  ago. 
Below  the  falls  the  rock  becomes  porphyritic  with  crystals  of 
flesh  colored  feldspar  which  are  often  an  inch  in  length.  These 
crystals  stand  out  all  over  the  weathered  surfaces  of  the  rock. 
Two  islands  about  three-fourths  ^f  a  mile  belO)V  the  falls  con- 
tain excellent  exposures  of  this  rock;  the  upper  of  these  islands 
is  composed  of  syenite  alone,  while  the  lower  also  shows  a  fine 
micaceous  schist,  which,  in  places,  is  seen  in  sharp  contact  with 
the  syenite;  and  in  other  places  there  is  apparently  a  transition 
from  the  syenite  to  the  mica  schist  within  a  distance  of  a 
few  feet.*^  Along  the  river  above  the  falls  on  the  Canadian 
side  no  outcrops  were  seen,  but  two  exposures  of  the  syenite 
occnr  on  the  Minnesota  side;  the  first  of  these  is  in  the  town 
of  Koochiching  about  where  the  north  line  of  sec.  34,  T.  71-24 
cuts  the  shore,  and  the  second  is  near  the  center  of  the  N.  i  of 
N.  W.  i  sec.  35,  T.  71-24.  At  the  latter  outcrop  the  rock  is 
porphyritic  with  feldspar  crystals,  most  of  which  are  bright 
red  in  color,  while  a  few  are  greenish. 

In  the  N.  E.  ^  of  sec.  28,  T.  71-23,  in  Rainy  lake,  is  an  island 
elongated  in  a  north  and  south  direction,  while  just  a  few 

•ITtbdSST)  Aaa.  Bept.  Qeol.abd  Nat.  Hist.  Survey  of  MIdd.,  pp.  110-113,1688. 
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yards  to  the  southwest  is  another  and  smaller  island  on  which 
the  usual  relations  of  the  Coutchiching  mica  schist  and  the 
Laurentian  granite  are  clearly  and  unmistakahly  shown.  The 
latter  rock  forms  the  northeast  side  of  this  little  isjand  and 
the  former  the  southwest  side;  along  the  center  of  the  island 
the  two  are  in  contact.  The  granite  is  a  light  gray  rock  of 
medium  grain,  composed  of  white  feldspar,  which  is  probably 
largely  orthoclase,  quartz  ajid  biotite.  There  is  sometimes  a 
sub-porphyritic  aspect  due  to  the  existence  of  a  few  crystals  of 
feldspar  larger  than  the  other  crystals  of  the  rock.  There  is 
also  an  indication  of  a  foliated  structure  caused  by  an  indis- 
tinct streaming  of  the  biotite  and  an  elongation  of  some  of  the 
feldspars  in  one  direction.  This  is  not  pronounced  enough  to 
strictly  allow  the  application  of  the  term  gneiss,  and  the  rock 
may  be  called  simply  a  granite,  or  a  gneissic  or  gneissoid 
granite  if  it  is  desired  to  make  the  existence  of  an  indistinct 
foliation  prominent.  This  partial  foliation  agrees  in  strike 
and  dip  with  the  mica  schist  which  stands  nearly  vertical  and 
trends  50°  to  60°  east  of  north.  At  the  contact  line,  which 
roughly  follows  the  direction  of  the  strike,  the  granite  is  not 
particularly  finer  grained,  nor  does  it  differ  otherwise  from  its 
normal  condition.  A  few  angular  fragments  of  mica  schist  are 
to  be  seen  entirely  surrounded  by  the  granite,  ajid  in  the  mica 
schist  are  irregular  vein-like  forms  or  dikes  running  both 
across  and  along  the  beds  of  mica  schist;  some  of  these  dikes 
can  be  traced  directly  into  the  main  mass  of  granite.  They 
are  of  all  sizes  from  a  fractiwi  of  an  inch  to  several  feet  in 
width.  A  hand  specimen  collected  to  illustrate  the  contact  shows 
a  small  stringer  of  granite,  one- fourth  of  an  inch  wide,  which 
starts  out  from  the  main  mass  of  the  granite,  runs  for  two 
inches  in  the  mica  schist  and  ttien  gradually  thins  out  and  dis- 
appears. The  relations  of  these  two  rocks  show  conclusively 
that  the  granite  here  acts  as  an  eruptive  rock  and  that  it  has 
beun  forced,  while  in  a  plastic  or  fluid  state,  into  cracks  or 
fissures  in  the  mica  schist.  At  the  contact  the  mica  schist 
does  not  appear  much  different  from  the  same  rock  a  short 
distance  away,  but  it  is  harder  and  less  schistose,  and  micro- 
scopical examination  would  probably  show  some  mineralogical 
changes  due  to  the  heat  of  the  granite.  Another  interesting 
feature  on  this  small  island  is  the  occurrence  of  small  dikes 
of  a  flner  grained  rock  which  cuts  the  granite  itself  and  is 
therefore  of  later  date.  This  rock  is  a  very  fine  grained 
white  granite  composed  almost  entirely  of  quartz  and  feldspar; 
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it  cuts  the  main  granite  in  numerous  small  dikes  which  are 
two  feet  or  less  in  width.  These  dikes  are  not  finer 
grained  at  the  edges  than  at  the  centers,  and  they  do  not 
exhibit  any  foliation;  there  is  nothing  to  show  definitely  how 
mi^h  later  these  dikes  are  than  the  main  mass  of  the  granite, 
but  it  is  probable  that  the  two  rocks  do  not  differ  much  in  age. 
One  dike  of  this  fine  grained  white  granite  {or  aplyte)  was 
seen  in  the  mica  schist. 

Three-fourths  of  a  mile  east  of  these  islands,  on  the  blunt 
point  near  the  center  of  the  north  side  of  section  27,  T.  71-23, 
the  granite  and  mica  schist  are  again  seen  in  contact.  Here 
the  granite  exists  commonly  in  thick  bed-like  forms  between 
the  layers  of  mica  schist,  but  in  many  places  these  "beds"  are 
seen  to  be  directly  continuous  with  other  masses  of  granite 
that  cut  directly  across  the  beds  of  mica  schist.  The  contact 
of  these  two  rocks  can  also  be  seen  on  the  island  in  the  S.  E.  ^ 
of  sec.  22.  T.  71-23. 

It  is  not  uncommon  to  find  in  the  mica  schists  large  veins  or 
dikes  of  very  coarse  grained  rock  of  a  composition  similar  to 
the  granites.  In  such  places  the  individual  crystals  often  reach 
a  length  of  several  inches.  The  minerals  of  these  coarse 
grained  rocks  are  feldspar,  which  is  usually  pinkish  or  reddish 
and  is  either  orthoolase  or  microcline,  quartz,  and  most  com- 
monly muscovite.  The  quartz  and  feldspar  are  often  grown 
together  in  such  a  manner  as  to  form  graphic  granite,  i  e.,  a 
certain  large  mass  of  feldspar,  which  is  shown  to  be  all  one 
crystal  by  the  extension  of  the  same  cleavage  plane  through  it, 
is  spotted  all  over  by  smaller  grains  of  quartz;  and  each  quartz 
grain,  when  studied  under  the  microscope,  is  seen  to  have  the 
same  crystallographic  axes  as  the  other  grains  in  the  same 
feldspar  crystal,  showing  that  these  grains  are  really  all  parts 
of  the  same  quartz  crystal.  Perhaps  a  good  illustration  of  this 
growing  together  or  interpenetration  of  feldspar  and  quartz 
can  be  had  by  likening  the  feldspar  crystal  to  a  sponge  full  of 
cavities,  which  cavities  have  all  been  filled  by  a  continuous 
mass  of  quartz.  Rocks  of  this  nature  are  quite  common  along 
the  shores  of  Kabetogama  lake,  and  to  the  south  and  east  along 
the  International  boundary.  The  individual  crystals  of  feld- 
spar often  reach  surprising  dimensions.  For  instance,  in  one 
place  a  crystal  was  seen  which  measured  actually  thirty- 
three  inches  in  length,  and  many  were  found  over  a  foot  long. 
The  locality  where  this  large  crystal  occurs  is  on  the  point 
which  is  at  the  center  of  the  W.  i  of  S.  E.  i  sec.  19,  T.  70-18, 
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on  the  south  shore  of  the  eastern  arm  of  Rainy  lake.  Here 
this  coarsegrained  rock,  which  is  often  koown  as  pegmatyte, 
forms  large  veins  or  dikes  in  the  mica  schist.  Sometimes  these 
pegmatyte  forms  occur  in  the  granite  itself. 

A  short  distance  northwest  of  Shoal  lake  are  gold  bearing 
veins  in  an  area  which  has  been  mapped  as  granite.  The  rock 
in  which  the  veins  occur  is  somewhat  different  from  that  seen 
^Isewhere,  and,  as  it  has  been  called  by  various  names,  we 
have  endeavored  to  make  a  rather  careful  examination  of  the 
specimens  we  have  of  this  rock  in  order  to  determine,  if  possi- 
ble, just  what  the  rock  is.  As  just  stated,  this  rock  has  been 
called  graaite,  and  there  are  areas  in  the  midst  of  the  rock 
which  hold  the  veins  that  are  true  granite  and  which  do  not 
seem  to  be  sharply  separated  from  the  vein-holding  rock.  A 
description  of  a  specimen  from  one  of  these  granitic  areas  on 
Wiegand's  location,  A  L  75,  is  as  follows: 

Macroscopically  this  rock  is  a  gray  granite  of  medium  grain, 
and  quite  fresh.  The  minerals  are  quartz,  feldspar  and  biotite; 
the  firat  two  are  in  approximately  equal  amounts  and  compose 
three-fourths  to  five-sixths  of  the  rock.  The  feldspar  is 
whitish,  varying  to  greenish  and  pinkish,  the  latter  shada 
apparently  due  to  iron  staining. 

Under  the  microscope  the  structure  of  the  rock  is  seen  to  be 
truly  granitic.  In  addition  to  the  minerals  mentioned  above  are 
small  flakes  of  muscovite  and  a  few  greenish  areas  composed 
of  chlorite.  The  quartz  is  ordinary  granitic  quartz  containing 
bubbles  and  gas  cavities.  It  shows  undulatory  extinction,  and 
frequently  a  large  grain  has  been  fissured  into  many  smaller 
ones  which,  however,  have  not  been  separated  from  each  other 
and  BO  extinguish  at  almost  the  same  time.  Undulatory  ex- 
tinction and  this  fracturing  of  the  grains  are  the  effects  of  pres- 
sure on  the  quartz,  which  mineral  is  one  of  the  first  to  show 
the  effects  of  having  been  subjected  to  pressure,  especially 
when  enclosed  in  a  hard  solid  substance  like  granite.  The  feld- 
spar is  highly  altered,  largely  to  a  mass  of  brightly  polarizing 
fiakes  and  fibres  which  seem  to  be  muscovite.  In  some  grains 
a  trace  of  polysynthetic  twinning  still  remains,  and  undulatory 
extinction  is  present.  The  feldspar  was  originally  orthoclase 
and  an  acid  plagioclase  apparently  of  the  albite-oligoclase 
series. 

To  sum  up,  this  rock  is  a  typical  medium  grained  biotite 
granite,  or  granityte,  with  the  feldspar  considerably  altered; 
the  rock  has  been  subjected  to  pressure,  as  shown  by  the 
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fracturiDg  of  the  quartz  and  the  undulatory  eztinction  of  both 
quartz  and  feldspar,  but  no  schistose  structure  can  be  seen 
either  in  the  hand  specimen  or  in  the  slide. 

The  rocli  in  which  the  veins  occur  at  Wiegand's  location, 
A  L  75,  is  a  peculiar  ^eenish  gray  rocti  composed  of  quartz 
grains  imbedded  in  yellowish  green  groundmass.  The  quar.tz 
is  in  glassy  grains  of  all  sizes  up  to  those  one-fourth  of  an  inch 
across;  some  of  the  grains  are  pinkish,  due  to  iron  staining. 
The  groundmass  is  too  fine  grained  to  allow  its  constituents 
to  be  distinguished  by  the  naked  eye;  it  appears  homogene- 
ous, is  soft,  has  a  greasy  feel,  can  be  readily  scratched 
with  a  knife  and  effervesces  slightly  with  cxild  hydrochloric 
acid.  A  slight  schistose  structure  can  be  distinguished  in 
the  ground  mass.  A  few  grains  of  pyrit^  occur,  but  fully  a 
third  of  the  rock  is  quartz. 

The  thin  section  shows  a  number  of  quartz  grains  of  various 
shapes  and  sizes  imbedded  in  a  groundmass  of  minute  fibers. 
The  quartz  shows  uudulatory  extinction  and  Assuring  to  a  bet- 
ter degree  than  in  the  granite  just  described.  A  few  small 
flakes  of  muscovite  are  present,  also  a  small  amount  of  calclte 
and  an  opaque  yellowish  substance.  The  fibers  of  the  ground- 
mass  are  quite  small  and  polarized  in  rather  bright  colors;  they 
are  muscovite  or  sericite.  Mixed  in  with  the  fibers  are  very 
minute  grains  of  quartz  and  perhaps  also  some  of  feldspar.  At 
places  in  the  groundmass  are  irregular  areas  and  shreds  of 
feldspar;  often  these  have  a  few  flakes  of  the  mica  in  them  and 
their  edges  are  jagged,  due  to  a  penetration  of  the  fibers  into 
the  feldspar  substance.  Frequently  several  areas  of  feldspar 
in  the  same  vicinity  extinguish  together,  showing  that  they  are 
remnants  of  an  originally  larger  grain  which  has  passed  al- 
most completely  into  mica.  The  fibers  of  the  groundmass  are 
often  elongated  in  one  direction;  this  causes  the  schistose 
structure  of  the  rock. 

As  to  just  what  this  rock  was  originally,  it  is  hard  to  make  a 
positive  statement.  That  it  has  been  subjected  to  pressure  and 
shearing  is  evident  from  the  condition  of  the  quartz  and  the 
schistose  structure  of  the  rock.  It  is  also  evident  that  some 
parts,  at  least,  of  the  groundmass  are  due  to  a  breaking  down 
of  feldspar  grains,  the  remnants  of  which  are  still  present;  it 
is  not  improbable  that  most  of  the  groundmass  has  a  like  ori- 
gin. While  all  the  field  relations  of  this  rock  are  not  known, 
still  it  occurs  in  an  area  of  rock  in  which  are  parts  that  are  cer- 
tainly granite,  as  that  just  described,  and  it  does  not  seem  to 
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be  sharply  separated  from  these  certainly  granitic  areas.  The 
quartz  grains  are  very  similar  to  those  in  the  granite  above 
described.  Thus  it  seems  possible,  and  indeed  probable,  that 
the  rock  under  consideratioE  was  originally  a  granite,  and  that 
it  has  been  subjected  to  pressure  and  shearing,  which  have  in- 
duced the  schistose  structure,  and  which,  with  the  aid  of  per- 
colating waters  and  perhaps  heat  also,  altered  the  original 
minerals  (excepting  the  quartz)  to  the  present  fibrous  ground- 
mass.  The  quartz  shows  fracturing  and  undulatory  extinction, 
but  is  otherwise  unaltered  as  it  is  almost  indestructible  when 
compared  with  the  other  minerals  of  the  granite.  That  the 
rock  might  have  been  other  than  a  granite  it  is  impossible  at 
present  to  deny;  there  are,  however,  no  characters  that  neces- 
sarily indicate  another  origin.  The  original  nature  of  the  rock 
can  be  determined  only  by  a  careful  investigation  of  the  field 
relations  supplemented  by  microscopic  evidence.  But  from 
our  present  knowledge  we  would  consider  this  rock  as  most  pro- 
bably an  altered  phase  of  granite. 

The  exact  nature  and  origin  of  these  Laurentian  completely 
crystalline  rocks  in  the  Rainy  Lake  region  and  elsewhere  are 
rather  complicated  questions  and  can  not  yet  be  settled  to  the 
satisfaction  of  all  who  have  studied  them.  That  these  rocks  in 
the  region  here  considered  are  now  totally  lacking  in  charac- 
ters that  clearly  show  them  to  have  once  been  clastic  like  or- 
dinary sediments  goes  without  saying.  And  there  is  no  posi- 
tive proof  that  the  more  pronounced  gneisses,— those  that  show 
alterations  of  bands  of  different  mineralogical  or  structural 
characters,  which  varietiesof  gneiss  are  notcommon, — were  once 
Bedlmentary.althougbthepresenceof  this  banding  and  other  less 
pronounced  foliation  is  to  some  a  strong  argument  for  an  origin- 
ally sedimentary  nature.  That  these  granitic  rocks  are  intrus- 
ive in  numerous  places  into  the  Coutchichlng  mica  schists,  and 
often  into  the  Keewatin  rocks,  is  absolutely  certain.  Good 
proof  of  the  metamorpbism  of  the  clastic  rocks  of  the  region  to 
form  gneisses  has  not  yet  been  observed,  although  places  that, 
show  this  may  be  found  in  the  future.  Dr.  A.  C  Lawson,  who 
is  familiar  with  this  region,  thinks  that  these  Laurentian  rocks 
represent  older  rocks  than  the  Coutchiching,  but  whether 
originally  sedimentary  or  not  is  only  to  be  guessed  at;  they 
have  been  softened  and  fused  and  while  in  this  condition  have 
been  intruded  into  the  rocks  lying  above  them  and  there  solidi- 
fied. The  following  quotation  from  this  author  will  help  to  ex- 
plain his  view: 
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This  group  of  crystalltne  rockH,  granites  and  syeoltes,  foliated  and  Qon- 
follated,  forma  the  floor  of  the  region  upon  which  rest  all  other  form- 
ations that  are  not  in  the  condition  of  dyljes  or  intrusive  bosses.  Re- 
garded as  a  geological  system  of  roclts  It  occupies  an  apparently  paradox- 
ical and  anomalous  place  Id  any  scheme  of  classlBcatlon.  A.s  the  floor  or 
basis  upon  which  the  geological  column  of  stratiform  rocks  rests,  It  must 
be  regarded  as  the  first  or  fundamental  system  of  rocliB  of  which  we  have 
any  cognizance.  If,  however,  we  Inquire  as  to  the  a^e  of  these  rocks,  we 
are  forced,  by  the  dliect  application  of  the  simplest  principles  of  geolog- 
icalscience  to  look  upon  them  as  of  later  age  thaa  certain  of  the  series 
which  overlie  them.  We  do  not  yet  know  their  original  condition  prior 
to  the  fusion  from  which  they  solldl&ed  lato  granites,  syenites  and 
gneisses.  Tbey  may  have  been  sedimentary;  they  may  have  been  the  or- 
iginal crust  of  the  earth.  The  abstract  specuialioDS  that  are  so  often  in- 
dulged in  on  this  and  similar  questions  have  not  decided  the  facts  of  the 
matter.  There  is  yet  no  suQlcleDt  ground  for  a  just  opinion  upon  it. 
But  whatever  may  have  been  that  original  condition  the  evidence  Is  clear 
on  this  point,  viz:  that  the  fusion  and  solidification,  whereby  they  were 
brought  into  their  present  condition  as  Arm  crystalline  rocks,  took  place 
at  a  period  subsequent  to  the  existence,  in  a  hard,  brittle  condition,,  of 
the  stratiform  and  often  very  distinctly  clastic  rocks  which  occupy  a 
higher  place  in  the  column.  Therefore,  as  rocks,  the  members  of  this 
fundamental  system  are  of  younger  age  than  that  of  the  nearest  overly- 
ing formations.  An  analogous  case  with  which  every  geologist  is  famil- 
iar Is  that  of  dykes.  These  are  of  younger  age  than  the  strata  they  cut, 
although  the  main  mass,  of  which  they  are  merely  the  apophyses.  Is  far 
inferior  to  those  strata  and  may  form  the  base  upon  which  they  rest  * 

Under  this  view,  concerning  the  Laurentian,  the  floor  on 
which  the  Coutchiching  rocks,  and  in  some  places  the  Keewa- 
tin,  were  deposited  is  now  entirely  unrecognizable;  it  has  been 
softened  and  moved  so  that  its  relation  to  the  Coutchiching  is 
now  an  eruptive  one.  On  the  other  hand,  it  seem  probable  that 
parts  of  this  old  floor  are  still  preserved;  such  places,  however, 
have  not  yet  been  found  in  this  locality,  all  the  granite  and  gneiss 
areas  examined  apparently  showing  an  eruptive  relation  to  the 
Coutchiching;  and  the  same  can  be  said  of  the  relations  of  the 
granite  and  gneiss  to  the  Keewatin.  However,  to  the  north- 
east of  Rainy  late,  roclts  apparently  corresponding  to  the  Kee- 
watin have  been  found  unconformable  upon  an  older  series  of 
granites  and  gneissesf  supposed  to  represent  the  Laurentian; 
and  it  is  not  impossible  that  the  Keewatin  conglomerate  seen  on 
the  north  of  Shoal  lake  will  be  found  to  be  unconformable  on  the 
granite  to  the  north.  Many  problems  concerning  these  ancient 
rocks, — Laurentian,  Coutchiching  and  Keewatin, — especially  as 
regards  their  relations  to  each  other.— are  still  unsolved,  and  it 
will  not  be  profll.able  to  discuss  them  further  here. 

•  AmerlonD  Journal  o(  Science.  3rd  series,  vol.  13,  )ip.4Tl-lTI>.  1887. 

tH.L  Smyth ;Stritotiiraleealo);y  oF  SCeep  Bock  lake,  OaCarlo;  Amer.  Jour.  Scl., 
B.  vol.42.  pp.3n-33I.pl.  II.  IBQl. 
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The  GdutchicJting. 

This  series  of  rocks,  while  occupying  a  large  amount  of  ter- 
ritory, is  of  comparatively  simple  character  and  will  need  but 
a  brief  description.  They  extend  along  the  south  shore  of 
Rainy  lake  from  the  outlet  east  to  lackfisb  bay,  then  for  a  dis- 
tance of  eight  milea  (to  tfae  line  between  Itasca  and  St.  Louis 
counties)  the  Keewatin  occupies  the  shore,  but  all  the  sonth 
shore  east  of  this  and  all  the  shores  of  the  eastern  arm  of  the 
lake,  with  the  exception  of  a  few  granite  areas,  lie  entirely  in 
rocks  of  this  series.  Other  small  areas  are  found  to  the  north 
of  the  belt  of  Keewatin  rocks  that  runs  east-northeast  from 
Jackfish  bay. 

Lithologicaliy  the  Coutchiching  is  preeminently  a  mica 
schist  formation;  with  the  mica,  which  is  mostly  biotite,  is 
either  quartz  or  feldspar,  and  commonly  both  in  the  more 
coarsely  crystallized  facies.  The  rocks  near  the  outlet  of  Rainy 
lake  are  mostly  quite  fine  grained  mica  schists  or  even  gray  to 
brownish  mica  slates,  but  usually  the  Coutchiching  rock  is  a 
well  defined  mica  schist.  In  close  proximity  to  some  of  the 
granite  masses,  as  along  the  north  shore  of  Kabetogama  lake. 
the  mica  schist  becomes  quite  coarsely  crystallized  and  might 
properly  be  called  a  gneiss,  but  it  is  not  easily  confounded  with 
the  gneisses  of  the  Laurentian.  In  addition  to  the  usual  miner 
als,  others,  such  as  garnet  and  staurolite,  are  sometimes  found 
in  the  mica  schists  not  far  from  their  contact  with  masses  of 
granite.  The  schistose  structure,  due  to  an  arrangement  of  the 
mica  scales  in  roughly  parallel  positions,  is  characteristic  of 
this  series.  In  many  places  there  are  rapid  alterations  of 
bands,  from  an  inch  to  several  feet  in  width,  of  slightly  differ- 
ent mineralogical  composition,  structure  or  color;  the  position 
of  these  bands  gives  the  strike  and  dip  of  the  rock,  and  where 
they  are  lacking  the  schistose  structure  is  taken  to  indicate  the 
strike  and  dip,  as  this  structure  seems  to  be  parallel  with  the 
banding  wherever  the  two  are  seen  together.  There  is  a  vast 
thickness  of  this  monotonous  mica  schist  formation  along  the 
eastern  arm  of  Rainy  lake  and  to  the  southward;  several  esti- 
mates by  Dr.  A.  C.  Lawson  show  an  apparent  thickness  of 
about  five  miles.*  These  Coutchiching  rocks  in  several  par- 
ticulars appear  so  much  like  ordinary  sediments  that  it  seems 
necessary  to  consider  them  as  sedimentary  beds  which  have 
been  more  or  less  recrystallized  in  situ  by  metamorpbic  pro- 
cesses.    This  change  has  been  largely  in  the  nature  of  regional 
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metamorphism,  but  the  more  coarsely  crystalline  coadition  of 
the  beds  io  close  proximity  to  intrusive  masses  of  granite 
shows  that  contact  metamorphism  has  also  played  an  impor- 
tant part. 

The  relation  of  the  Goutchiching  to  the  LaurentiaD  has  al- 
ready been  mentioned.  Its  relation  to  the  Keewatin  is  not  defi- 
nitely known.  The  Coutchiching,  however,  is  litbologically 
quite  distinct  from  the  overlying  Keewatin  rocks,  and  in  the 
field  it  is  a  comparatively  easy  task  to  separate  these  two  series 
of  rocks.  Where  they  are  in  contact,  however,  they  have  the 
same  strike  and  dip  and  thus  appear  strictly  conformable.  Bat 
the  difEerence  in  lithology  between  the  Ck)utchiching  and  Kee- 
watin is  marked;  in  the  former  we  have  no  evidence  of  volcanic 
activity,  while  in  the  latter  there  are  numerous  proofs  of  great 
volcanic  activity,  in  fact,  the  Keewatin  can  be  said  to  be  char- 
acterized as  a  period  of  intense  and  wide  spread  eruptions. 
Moreover,  in  the  ]£eewatin  are  conglomerates,  wbicb,  in  places, 
seem  to  be  basal  beds  resting  on  the  Coutchiching.  Law- 
son  *  has  consequently  inferred  an  unconformity  between  these 
two  series,  and  while  the  existence  of  this  is  not  undoubtedly 
proven,  it  still  seems  quite  probable. 

The  Keewatin. 
This  series  of  rocks  is  more  varied  in  lithology  than  either  of 
the  others  just  described,  and  it  is  of  more  interest  on  this  ac- 
count and  also  because  in  it  are  found  most  of  the  gold  bearing 
veins  thus  far  discovered.  The  rocks  are  conglomerates,  slates, 
sericitic,  chloritic  and  homblendic  schists,  agglomerates,  gray- 
wackes  and  more  or  less  altered  igneous  rocks,  both  acid  and 
basic.  The  presence  of  large  amounts  of  hornblendic  and  other 
green  schists,  some  of  which  are  clearly  of  igneous  origin,  gives 
to  this  rock  series  a  prevalent  green  color,  and  this  abundance 
of  "greenstones"  and  "green  schists"  is  one  of  the  most  char- 
acteristic and  distinctive  features  of  the  Keewatin  series. 
That  parts  of  these  green  rocks  represent  ancient  igneous 
ejections,  both  lavas  and  ash  beds,  is  absolutely  certain;  and, 
as  before  stated,  they  show  that  the  Keewatin  was  a  time  of 
violent  and  extensive  volcanic  activity.  But  the  Keewatin  was 
also  a  time  of  deposition  for  ordinary  sediments.  Much  of  the 
fragmental  volcanic  material  seems  to  have  been  deposited  in 
water,  which  has  given  a  stratiform  character  to  the  beds,  and 
mixed  with  this  fragmental  igneous  matter  was  more  or  less  of 
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ordinary  sediments;  the  two  liiods  of  deposits  evidently  ^rade 
into  each  other,  the  igneous  material  predominating  in  close 
proximity  to  volcanic  vents.  These  Keewatin  rocks,  like  the 
other  series,  have  participated  in  great  earth  movements, 
which  have  produced  slaty  and  schistose  structnres.  The  effects 
of  these  movements  seem  to  have  been  better  registered  in  the 
Keewatin  rocks  ttian  elsewhere  by  a  more  pronounced  and  al- 
most universally  present  schistose  cleavage. 

The  most  important  belt  of  Keewatin  rocks  is  that  which  is 
first  seen  on  the  south  shore  of  Riiny  lake  at  Jackfish  bay.' 
West  of  here  this  belt  has  not  been  carefully  traced  out,  but  a 
few  outcrops  have  been  seen,  some  of  which  will  be  mentioned 
below.  East  of  this  bay  the  Keewatin  forms  the  south  shore 
of  the  line  between  Itasca  and  St.  Louis  counties;  and  a  number 
of  islands  just  to  the  north  of  the  shore,  the  largest  of  which 
are  Grassy,  Grindstone,  Dryweed  and  Sand  Point,  are  mostly 
composed  of  the  same  rocks.  This  belt  of  Keewatin  runs  a 
little  north  of  east,  crosses  the  lake  and  extends  past  Seine 
bay  and  Shoal  and  Bad  Vermilion  lakes  and  eastward  beyond 
the  limits  of  the  map. 

To  the  west  of  Jackfisb  bay  sections  were  made  south  from 
Rainy  river  in  two  places.  The  first  was  along  the  west  line 
of  sec.  35,  T.  71-24,  and  southward  for  a  mile  and  a  half 
beyond  tne  south  line  of  this  section.  No  outcrops  were  seen; 
the  ground  passed  over  is  nearly  level  and  forms  a  part  of  the 
clay  plain  which  lies  along  the  river.  However,  in  the  S.  E.  i 
of  S.  W.  i  of  this  same  section  there  is  an  exposure  of  consid- 
erable extent  which  rises  a  few  feet  above  the  level  of  the 
plain.  The  rock  is  a  fine  grained  gray  sericitie  schist  or  slate 
with  no  pronounced  lines  of  sedimentation.  The  cleavage,  as 
measured  in  three  places,  runs  N.  50°  E.  (mag.)  and  stands 
about  vertical.  Parallel  with  the  cleavage  are  fine  laminie 
which,  in  the  absence  of  more  definite  indications,  are  assumed 
to  represent  the  true  sedimentary  planes  of  the  rock.  The 
second  section  was  made  from  the  lake  shore  at  the  outlet, 
along  the  east  line  of  range  24,  to  a  point  half  a  mile  south  of 
the  southeast  corner  of  T.  71-24,  Several  outcrops  were 
crossed,  all  of  which  present  a  schistose  cleavage  that  runs  N. 
about  50°  E.  (mag.)  and  dips  at  a  high  angle  toward  the  north- 
west. In  some  places  a  distinct  alternation  of  beds  of  different 
composition  was  seen;  these  give  the  true  strike  of  the  rock 
which,  as  far  as  seen,  coincides  with  the  cleavage.  The  rock 
of  these  outcrops  is  largely  a  sericitie  schist,  but  it  frequently 
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becomes  darker  colored  and  greenish  and  contains  minute 
laminae  of  white  siliceous  material. 

On  the  south  shore  of  Jackfish  bay  and  on  an  island  in  this 
bay  near  the  west  line  of  sec.  28,  T.  71-2S,  are  excellent 
exposures  of  conglomerate.  The  conglomerate  of  this  island, 
which  is  made  entirely  of  this  rock,  has  as  a  matrix  a  greenish 
to  grayish  fine  grained  schistose  rock  composed  of  silvery 
micaceous  scales  and  other  material  which  ib  too  finely  divided 
for  recognition  by  the  naked  eye.  In  some  places  the  matrix 
becomes  coarser  and  is  crowded  with  quartz  grains  the  size  of 
a  pin's  head  and  larger.  The  pebbles  of  the  conglomerate 
are  very  numerous  and  are  well  distributed  throughout  the 
rock  of  the  island;  they  vary  in  size  from  pieces  the  size  of  a 
pea  to  those  that  are  ten  inches  across.  Several  kinds  of  rock 
ate  represented  in  these  pebbles,  but  the  most  common  is 
white  or  yellowish  vein  quartz;  next  in  abundance  are  pebbles 
of  a  gray  rock  which  seems  to  be  a  very  fine  grained  granite. 
Pebbles  more  or  less  similiar  to  the  matrix  are  also  common; 
these  are  not  easily  recognized  on  fresh  fractures,  but  on 
weathered  surfaces  they  are  quite  readily  distinguished.  The 
pebbles  are  mostly  well  rounded;  this  is  especially  true  of 
those  composed  of  quartz,  which  are  very  sharply  separated 
from  the  matrix  and  can  be  easily  dislodged.  The  conglom- 
erate has  been  sabjected  to  shearing  and  stretching  and  as  a 
result  the  pebbles  are  commonly  seen  flattened  in  one  plane, 
which  coincides  in  direction  with  the  schistose  cleavage  of  the 
matrix.  The  strike  of  this  cleavage  is  N.  60-65°  E.  (mag.)  and 
the  dip  is  about  vertical.  In  a  few  places  there  are  some  indi- 
cations that  the  true  strike  of  the  conglomerate  is  almost  at 
right  angles  to  the  strike  of  the  cleavage;  these  indications, 
however,  are  not  entirely  satisfactory  evidence  of  the  position 
of  the  bedding,  nor  are  there  satisfactory  evidences  that  the 
true  strike  is  parallel  with  the  cleavage.  On  the  south  shore 
of  this  bay  are  other  outcrops  of  the  conglomerate,  the  matrix 
at  this  place  being  a  green  schist.  Small  pebbles  are  not 
common  here,  most  of  those  seen  being  over  six  inches  in 
diameter;  sometimes  they  reach  a  size  of  three  feet  in  greatest 
diameter.  These  boulders  are  largely  of  one  rock — a  rather 
fine  grained  greenish  to  pinkish  biotite  granite.  They  are 
well  rounded  and  lie  with  their  long  axes  parallel  with  the 
strike,  which  is  here  plainly  coincident  with  the  schistose 
cleavage, 
so 
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Other  exposures  of  conglomerate  occur  to  the  east  of  Jackfish 
bay  on  the  south  shore  in  the  N.  i  of  sec.  31  and  the  S.  i  of  sec. 
30,  T.  71-22.  Here  the  matrix  is  a  green  horablende  schist,  more 
or  less  siliceous.  The  pebbles  are  mostly  of  about  the  same  na- 
ture as  the  matrix  and  are  distinguishable  only  on  weathered 
surfaces.  The;  have  been  elongated  in  a  direction  parallel  with 
the  cleavage  and  on  this  account  and  also  because  they  so  close- 
ly resemble  the  matrix,  it  is  hard  to  tell  whether  they  origin- 
ally possessed  rounded  outlines  or  not.  However,  a  few  boul- 
ders occur  at  this  place,  which  are  of  rock  similar  to  the  gran- 
itic boulders  in  the  exposures  on  Jaclifish  bay,  and  they  are 
distinctly  and  smoothly  rounded. 

On  the  south  shore  of  Dryweed  island  in  sec.  25,  T.  71-22, 
the  rock  of  the  island,  which  is  a  sericitic  schist,  becomes  con- 
glomeratic with  granitic  boulders  similar  to  those  just  men- 
tioned. 

Another  belt  of  conglomerate  is  seen  along  the  north  side 
of  Grassy  and  Sboal  lakes.  The  specimens  we  have  of  this 
show  the  matrix  to  be  a  rough  green  hornblendic  schist,  some- 
times quite  rich  in  large  and  small  grains  of  quartz.  The  peb- 
bles are  of  greenstone,  black  and  red  jasper,  quartz  and  felsyte, 
many  of  them  being  well  rounded.  Just  northwest  of  Shoal 
lake  this  conglomerate  is  fouud  resting  directly  upon  the  gran- 
ite mass  of  Bad  Vermilion  lake.  The  exact  contact  line  is  ex- 
posed for  some  distance,  and  small  patches  of  the  conglomerate, 
which  are  easily  dislodged  are  found  lying  directly  on  the  sur- 
face of  the  granite.  Although  a  casual  examination  failed  to 
find  any  pebbles  in  the  conglomerate  that  could  i>e  certainly 
referred  to  the  underlying  granite,  still  the  relations  of  the 
two  rocks  at  this  place  seem  to  indicate  that  the  conglomerate 
is  unconformable  on  the  granite. 

Another  typical  rock  of  the  Keewatin  series  is  seen  in  t^e 
S.  i  of  sec.  29.  T.  71-22.  The  conglomerate  to  the  west  of 
this  gradually  loses  its  greenish  character  and  becomes  lighter 
colored  and  siliceous  on  going  eastwwrd;  at  the  same  tame  tkte 
bouiders  become  less  numerous  and  finally  disappear  alto- 
gether, and  we  have  a  rock  that  is  fine-grained,  hard,  tou^h. 
siliceous,  and  silvery  gray  in  color.  This  rock  forms  bare, 
rounded  knobs  in  sec.  29  and  is  quite  massive  in  ''.ppeai  ^e. 
It  continues  eastward  to  form  Grindstone  and  Dry\.'end  isla^  ^ 
but  on  these  islands,  especially  the  latter,  it  becomes  softer 
and  more  schistose,  forming  a  siliceous  serieitic  schist.  It  also 
in  places  shows  evidences  of  bedding  which  is  parallel  with 
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the  schistose  structure,  and,  as  meDtioned  above,  it  becomes 
conglomeratic  on  the  south  shore  of  Dryweed  island  in  sec.  25, 
T.  71-22. 

Just  to  the  south  of  this  belt  of  siliceous  serioitic  schist  lies 
a  belt  of  greenish  schists,  which  are  of  interest  for  the 
reason  that  in  them  are  found  the  veins  that  have  been  most 
exploited  for  gold.  This  belt  of  rock  comes  to  the  shore 
in  the  N.  E.  i  of  N.  W.  i  of  sec.  32,  T.  71-22,  and  con- 
tinues eastward  forming  the  islands  in  the  N,  i  of  N.  W.  i 
of  sec.  33,  the  most  easterly  of  these  islands  being  the  our  on 
which  the  Little  American  mine  is  located.  The  south  shore  of 
the  lake  eastward  from  Rainy  Lake  City  to  the  line  between 
Itasca  and  Sb  Louis  counties  is  skirted  by  this  l>elt  of  rock, 
and  the  islands  in  the  S.  E.  \  of  sec.  27,  the  S.  E.  i  of  sec.  26, 
the  S.  i  of  sec.  35,  T.  71-22,  and  some  small  reefs  near  the  cen- 
ter of  sec.  80,  T.  71-21,  are  composed  of  the  same.  This  belt  of 
schists  varies  somewhat  in  lithology,  being  composed  of  .seri- 
citic,  chloritic  and  homblendic  schists,  which  are  quite  fine 
grained  and  usually  quite  siliceous.  The  smaller  and  more 
eastern  of  the  islands  in  the  S.  K  i  of  sec.  26  has  a  small 
amount  of  more  acid  and  lighter  colored  rock  than  is  usual 
in  this  belt.  This  rock  consists  of  scattered  quartz  grains  im- 
bedded in  a  siliceous  and  schistose  matrix;  it  perhaps  repre- 
sents an  ancient  quartz  porphyry. 

Further  mention  and  description  of  parts  of  the  Keewatin. 
will  be  found  in  the  section  entitled  "Description  of  veins  in 
general  and  of  individual  properties." 

The  diabase  dikes. 
These  are  not  very  numerous  in  the  area  here  reported-on, 
and  the  total  amount  of  such  rock  is  very,  insignificant  when  , 
compared  with  the  rocks  of  the  three  series  already  described. 
The  dike  rock  is  dark,  tough  and  heavy;  it  varies  much  in 
grain  in  the  larger  dikes  according  to  the  distance  from  the 
dike  walls,  the  interior  being  coarser  than  the  exterior.  The 
rock  is  usually  an  ordinary  diabase,  with  the  ophitic  structure, 
and  is  composed  essentially  of  auglte  and  plagioclase  feldspar. 
Several  dikes  were  seen  in  the  syenite  a  short  distance  below 
.'''  ijchich^ng  falls,  and  a  larger  one  occurs  in  the  same  rock  in 
.  :j  N.  W. vi  of  sec.  35,  T.  71  24.  The  largest  dilies  seen  are 
those  .near  the  mouth  of  Jackdsh  bay;  while  these  two  are  not 
strictly  parallel,  they  both  have  a  general  northwest- southeast 
direction.     The  more  eastern  of  these  cuts  through  rocljs  which 
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belong  to  the  three  rock  systems  of  the  region.  The  exact  age 
of  these  dikes  is  not  known.  They  are,  however,  later  than  all 
the  other  rocks  of  the  region  which  they  cut,  and  they  have 
not  been  subjected  to  the  same  forces  which  produced  so  pro- 
nounced cleavages  in  the  older  rocks.  During  the  Keweena- 
wan  time  there  were  great  numbers  of  basic  eruptions  and 
injections  in  the  Lake  Superior* basin,  and  the  dikes  of  the 
Rainy  Lake  region  may  perhaps  date  from  the  same  time. 

Glacial  deposits. 

As  has  already  been  stated,  the  rocks  around  Rainy  lake  are 
usually  not  covered  by  glacial  drift  or  later  deposits.  In  some 
places,  however,  there  are  small  areas  where  there  are  thin 
sheets  of  till  concealing  the  bed  rock,  and  glacial  boulders  are 
common  throughout  the  whole  region.  The  general  direction 
of  glaeial  movement  across  the  Rainy  Lake  basin,  as  shown  by 
scratches  on  the  rocks,  was  from  northeast  to  southwest.  Be- 
low are  given  a  few  heretofore  unpublished  courses  of  glacial 
strisB  in  the  Rainy  Lake  region  referred  to  magnetic  north.* 

Center  of  W.  side  of  S.  E  i  sec.  18,  T.  "0-18,  8.  shore  of 
Balny  lake S.  30-35  W. 

N,  E.  1  N.  W.  ±8ec.  30,  T.  71-23,  S.phore  of  Rainy  lake S.  30  W. 

W.  line  of  sec.  29,  T.  71-23,  S.  shore  of  Bainy  lake S.  40  W. 

S.  W.  ±S.W.  i  sec  29,  T.  71-22,  S.  slioreof  RalDf  laice 3.  45  W. 

N.W.iS.E.}  sec.  28,  T.  71-22,  E.  end  of  Grindstone  Island, 
Rainy  lalte S.33W. 

N.  W.  i  N.  W.  1  sec.  30,  T.  71-21,  small  Island  at  E.  end  of 
Dryweed  island,  Rainy  lake S.  42  W. 

The  level  area  devoid  of  rock  which  begins  at  the  west  end 
or  the  outlet  of  Rainy  lake,  is  underlain  by  a  considerable 
thickness  of  glacial  deposits.  These  deposits  consist  of  clays, 
which  are  often  calcareous  and  sandy  and  are  quite  frequently 
blnish  in  color.  Scattered  throughout  these  clays  are  small 
pebbles  of  various  kinds  of  rocks,  the  most  common  of  which 
is  a  fine  grained  yellowish  or  pinkish  limestone;  sometimes 
fragments  of  this  limestone  are  found  which  contain  a  few  fossil 
remains.  These  clays  are  thought  to  have  been  deposited  from 
melting  ice  and  from  streams  flowing  into  the  glacial  lake 
Agassiz.  This  lake  covered  the  Red  river  valley,  the  Lake  of 
the  Woods  and  Rainy  lake  areas,  and  a  large  amount  of  terri- 
tory to  the  west  and  northwest  at  the  close  of  the  Glacial  per- 

•Olber  Hats  ot  glaolal  strlie  tn  tbls  regloo  have  been  publUbed  by  A.  C.  Lawson 
(Oeol.  Surv. Oanada,  vol  S.  vp.  XUf-'MF.  Ism-,  H.  V.  Wlacbell  (Ulna.  Geol.  Survey. 
ITCb  Anil.  Rppt..  Itm-.  Warren  ITphiLDi  (Hinn.  Geol.  Sarver,  t!d  Ana.  Rept..  pp  8&.4CI. 
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iod;  the  history  and  deposits  of  this  great  glacial  lake  have 
been  carefully  investigated  by  Mr.  Warren  Upham.*  The 
thickness  of  the  clay  deposits  along  that  part  of  the  Rainy 
rivershowD  on  thegeologlcal  map  probably  does  not  much  exceed 
forty  feet;  in  general,  the  hight  of  the  river  banks  above  its 
bed  is  a  direct  measure  of  the  thickness  of  the  clays. 

There  are  no  post  glacial  formations  in  the  region  except  the 
usual  soil,  vegetable  accumulations  in  swamps,  and  a  few  sand 
beaches,  mostly  derived  from  the  clays  by  the  washing  and 
sorting  action  of  the  lake's  waves. 

Auriferous  gravels  forming  placers  are  not  known  about 
about  Bainy  lake.  Some  search  for  placers  has  been  made, 
but  there  seems  to  be  no  probability  that  any  will  be  found. 

Auriferous  gravels  may  have  existed  in  some  of  the  old 
water  courses  just  before  the  Glacial  period,  but  if  they  did 
thus  exist,  which  is  improbable,  they  were  entirely  removed  by 
glacial  agencies.  Since  that  time  there  has  been  no  erosion 
violent  enough  to  produce  any  gravel  deposits.  To  be  sure, 
gravels  can  be  found  in  some  of  the  depressions,  but  these  are 
of  glacial  origin,  and  consequently  are  not  necessarily  derived 
from  the  auriferous  rocks  near  at  hand,  but  may  have  been  and 
probably  were  transported  many  miles;  moreover,  in  the  gla- 
cial gravels  there  has  been  no  assorting  of  the  various  con- 
stituents and  concentration  of  the  heavier  portions,  and  so  the 
gold,  if  it  does  exist  in  the  gravels,  is  scattered  through  them 
indiscriminately  and  in  such  minute  quantities  as  to  preclude 
the  possibility  of  profitable  working. 

Skeich  of  the  geological  history. 
The  oldest  sedimentary  rocks  of  which  we  have  knowledge 
in  the  Rainy  Lake  region  are  the  mica  schists  of  the.  Coutchi- 
ching,  but  what  composed  the  surface  upon  which  these  rocks 
were  deposited  is  now  unknown.  An  immense  thickness  of 
nearly  uniform  deposits  was  built  up  during  Coutchiching  time, 
and  at  the  end  of  this  period  of  deposition  there  was  possibly 
a  period  of  cessation  of  deposition  accompanied  by  elevation  of 
the  land  above  the  sea  level  and  by  erosion.  But  whatever  the 
events  at  the  close  of  the  Coutchiching,  we  know  that  at  the 
beginning  of  the  Keewatin  time  there  was  a  change  from  the 
deposition  of  uniform  rather  acid  rocks  to  deposits  of  the  most 

•GsDl.  und  Nat.  Hist.  Burv.  of  Mian..  Hth  UB82)  Ann.  Bept..  pp..  ISI-IU.  I9U.  Ibid.. 
PltiBlRepl.,  vol.2,  pp.  SI7-S37.ieS8.  0.  S.  Geol.Burver.  BuH.  3B,  1887.  Geol.  Huft.  of 
C^inMla.  Ann.  Rept.,  new  series,  vol.  4,pp.lB-IME.  IBVO.  Also  In  a  torthoomlng  mono- 
grophortheUrS.Oeol.  Survey  entitled  "Tbe  Glacial  Lake  AgusBlz." 
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varied  nature,  in  which  basic  volcanic  material  played  an  im- 
portant part.  The  Keewatin  was  a  period  of  rapid  deposition 
and  wide  spread  volcanic  activity.  After  the  end  of  Keewatin 
deposition  there  was  a  period  of  elevation  and  intense  folding, 
cromplingand  shearing  of  the  then  existing  strata,  accompanied 
by  the  intrusion  of  enormous  masses  of  granitic  rock.  The 
rocks  were  much  altered  or  metamorphosed  at  this  time  by  the 
dynamic  forces  to  which  they  were  subjected  and  also  by  the 
close  proximity  of  large  masses  of  intrusive  rock;  thus  the 
strata  underwent  regional  metaraorphisra,  more  or  less  pro- 
nounced throughout  the  district,  and  contact  metamorpfaism 
where  intruded  by  the  granitic  masses.  We  know  that  the 
folding  and  alteration  took  place  in  post-Keewatin  time,  and, 
from  the  relations  of  similar  rocks  to  the  Animikie  southeast 
of  Rainy  lake,  we  suppose  that  it  occurred  in  pre-Animikie 
time.  This  period  of  folding  and  alteration  probably  left  the 
strata  in  approximately  the  same  position  and  crystalline  con- 
dition as  we  now  -find  them.  The  accompanying  cut  (fig.  1 ) 
will  show  the  general  relations  of  the  rocks  of  the  Rainy  lake 
region  after  this  period  and  after  the  erosion  to  which  they 
have  been  subjected  up  to  the  present  time.* 


FiQ.  I  .—Generalized  section  nortti  andnoulh  llirough  the  Bain;  Lake  rejtlnn. 

Some  time  after  the  events  just  spoken  of.  possibly  in  Ke- 
weenawan  time,  the  rocks  of  the  region  were  cut  by  the  dia- 
base dikes. 

From  the  end  of  the  Keewatin  time  to  the  present  we  have  no 
proof  that  the  land  has  ever  been  below  sea  level  nor  that  it  has 
ever  been  covered  by  post-Archean   deposits  ,   excepting,   of 

•  It  iB  qu1t«  probable  that  on  future  aludj.  after  tarefiilly  plottlnB  tliP  dips  and 
itrlkes.  the  folding  of  iblB  rexlon  will  ba  found  to  he  much  more  comples  than  this 
Benerallied  cut  Indlcatea.  For  Instance,  what  Is  repreaented  us  a  single  synfllno  In 
the  Keewatin  may  really  oonatst  of  several  closely  com  pressed' ay  uolines  and  «itl- 
cllnes.  But  aB  yet  data  are  not  at  band  to  show  the  eslMence  of  f 
er  folds. 
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coarse,  the  deposits  of  the  Glacial  epoch.  It  ispossible  that  the 
Cretaceous  ocean  may  have  extended  over  thie  region,  as  strata 
of  that  age  are  found  in  northern  Minnesota  along  the  Big  and 
Little  Fork  rivers  and  on  the  Mesabi  iron  range.*  If  such 
strata  ever  did  exist  in  the  Rainy  Lake  district,  all  traces  of 
them  have  been  removed  by  erosion. 

From  Keewatin  time  to  the  present,  through  all  the  immense 
period  during  which  in  other  places  were  deposited  the 
rocks  of  the  Taconic,  Cambrian,  Silurian,  Devoniao,  and 
other  series  up  to  the  present  period,  or  at  least  during  a 
considerable  portion  of  this  time  (for  strata  may  have  been  de- 
posited here  during  some  of  these  periods  and  afterwards  re- 
moved), we  must  assume  that  this  region  was  above  the  sea 
level  and  was  thus  subjected  to  erosion.  After  the  folding  the 
surface  was  probably  mountainous,  and  the  amount  of  rock  re- 
moved must  have  been  enormously  great;  the  number  of  hun- 
dreds of  feet  that  the  surface  has  thus  been  lowered  can  not  be 
estimated.  The  effect  of  this  long  continued  erosion  was  to 
gradually  reduce  the  surface  of  the  land  to  a  lower  level  and 
finally  when  sufficient  time  had  elapsed,  an  approximately  flat 
surface  not  far  abdve  sea  level  would  result.  The  probability 
of  the  production  of  such  a  flat  or  base-leveled  area  in  Min- / 
nesota  and  Manitoba  during  Tertiary  and  early  Quaternary 
times  has  been  shown  by  Mr.  Warren  Upham,f  and  this  cau^e 
will  very  conveniently  explain  the  generally  flat  and  plateau- 
like character  of  the  Rainy  Lake  region-  Since  the  production 
of  this  base  level  the  hard  Archean  rocks  have  not  been  deeply 
eroded,  and  the  surface  consequently  still  retains  approxi- 
mately this  base-leveled  topography.  • 

Glacial  agencie.^  have,  since  the  base-leveling,  removed  any 
decayed  rock  or  other  material  that  may  have  remained  on  the 
rocky  surface,  and  have  produced  the  gently  rounded  and  hum- 
mocky  surface  now  existing.  Since  glacial  time  the  Archean 
area  has  suffered  practically  no  erosion,  the  lakes  and  streams 
following  the  depressions  and  irregularities' which  remained 
at  tbe  departure  of  the  ice-sheet  The  clayey  plain  to  the 
west  of  Rainy  lake  also  shows  evidences  .6f  having  been  sub- 
jected to  erosion  for  but  a  short  period,  and  even  during 
this   time  the   erosion  has   not   been  extensive   or    violent. 

•  B.  V.  WIncbell:    Oeol.  and  Nat.  HUt.  Surv.  of  MIdq.,  17th  (1S8T)  Add.  Bept.,  188B. 
Ain«r.  Oeol.,  vol.  IZ.  pp.  =S0-!S3.  Oct..  1«». 
J.  E.  Spurr;  Geol.  and  Nut.  Hlat.  Surv.ot  UIdh..  Bull.  10.  pls.  10  and  11. 1811. 
tAmer.Oeol.,  vol.  H,  pp.a3S-3l8,  Oct.,  IBM. 


D,qit,zeabvG00»^lc 


72  TWENTY-THIRD  ANNUAL  REPORT 

The  surface  is  still  moaotoaously  flat  except  for  the  narrow, 
steep-sided,  shallow  trenches  cat  into  it  by  the  Rainy  river 
and  its  tributaries;  ^nd  only  the  largest  of  these  streams 
have  cut  entirely  through  the  blanket  of  clays  down  to  the  un- 
derlying rock,  while  none  of  them  have  excavated  channels  in 
the  rock  itself.  This  clay  plain  thus  presents  the  peculiarities 
which  are  characteristic  of  a  topographically  young  surface. 


DESCRIPTION  OP  VEINS  IN  GENERAL  AND  OP  INDI- 
VIDUAL PROPERTIES. 

At  the  time  this  examination  was  conducted  but  little  more 
than  a  year  had  elapsed  since  the  first  shot  was  fired  in  a  gold 
quartz  vein  on  Rainy  lake.  Remote  from  railroads,  with  not 
even  a  wagon  road  at  that  time  to  connect  it  with  the  rest  ot 
Minnesota,  this  region  must  of  necessity  have  a  slower  devel- 
opment than  other  new  districts  of  equal  natural  resources  but 
greater  accessibility.  Reached  by  a  hundred  or  more  miles  of 
canoeing.  Rainy  lake  had  prior  to  1894,  been  seen,  aside  from 
those  who  traveled  the  "Dawson route"  in  the  "seventies,"  only 
by  a  few  trappers,  pine  estimators,  explorers  and  natives.  The 
few  farmers  and  traders  who  remained  on  Rainy  river  after 
this  route  across  the  country  from  Port  William  to  Port  Garry 
was  abandoned — owing  to  the  construction  of  the  Canadian 
Pacific  railway — rarely  left  their  farms  or  trading  posts  to  go 
to  Rainy  lake;  and  the  few  lumbermen  engaged  in  their  work 
aronnd  the  lake  ivere  there  only  when  the  rocks  were  covered 
with  snow.  So  it  is  little  to  be  wondered  at  that  the  quarts 
veins  remained  undiscovered  and  undisturbed.  Gold  is  usually 
found  in  placers  and  from  them  traced  to  the  lodes  whose  rot- 
ting has  produced  the  placers.  But  here  there  are  no  placers, 
and  the  veins  are  not  rotted  to  any  depth,— another  reason  why 
they  might  easily  be  overlooked  or  condemned  as  barren.  But 
explorers  for  mineral  deposits  have  sharp  eyes.  They  exam- 
ine everything  that  falls  beneath  their  gaze.  With  pick  and 
pan  they  pound  up  and  wash  every  piece  of  rock  that  has  a 
rusty  stain,  every  fragment  of  quartz  that  comes  into  their 
hands.  To  them  one  species  of  rock  is  as  good  as  another.  In 
fact  they  frequently  cannot  tell  the  rocks  apart  or  any  of  their 
names  correctly.  But  an  explorer's  unaided  eye  can  often 
detect  at  a  glance  a  speck  of  gold  that  a  mineralogist  might 
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pass  over  with  a  miigmfying  glass.  His  sceat  is  keen  and  his 
zeal  uaflagging.  Thus  it  happens  that  he  sometimes  stumbles 
upon  discoveries  in  unexpected  places. 

The  recentness  of  gold  discoveriefi  at  Rainy  lake,  and  its  re- 
moteness from  railroads  has  delayed  development.  It  can 
hardly  be  said  that  there  are  any  mines  as  yet  in  the  entire  dis- 
trict The  depth  of  the  deepest  shaft  did  not  exceed  45  feet 
at  the  time  of  examining  it,  and  there  are  no  underground  lev- 
els. But  one  5-stamp  mill  is  thus  far  set  up  in  the  region — 
that  of  the  Little  American  company,  and  not  more  than  500 
tons  of  ore  have  been  milled.  The  result  of  operations  here, 
however,  has  been  sufficiently  encouraging  to  induce  several 
other  companies  to  order  mills,  and  it  is  expected  that  there 
will  be  half  a  dozen  mills  in  operation  before  the  end  of  1895. 

Throughout  the  region  quartz  veins  are  common  and  even 
abundant,  but  most  of  them  are  small  and  insignificant  and  con- 
tain  no  minerals  of  economic  importance.  These  small  veins, 
known  as  gash  veins,  cut  the  rocks  in  various  directions  as 
narrow  ribbons  which  gradually  taper  to  a  point  and  disappear; 
they  are  thus  of  limited  length  and  are  at  most  only  a  few 
inches  wide,  the  majority  being  less  than  one  inch  across.  They 
are  found  in  all  the  rock  series  of  the  region  and  are  especially 
noticeable  in  some  of  the  gneisses  and  granites.  These  small 
gash  veins  are  not  known  to  be  of  any  value,  and  exploitation 
of  them  is  useless. 

The  prospecting  for  gold  is  now  being  conducted  in  three 
different  classes  of  deposits,  if  we  include  those  of  the  Canadian 
side  as  well  as  those  in  Minnesota.  These  three  classes  are  ( 1) 
segregated  veins,  (2)  fissure  veins.  (3)  fahlbands;  the  first 
two  being  properly  called  veins,  the  last  being  rather  belts  of 
the  country  rock  charged  with  an  unusual  amount  of  metalli- 
ferous material. 

I.      REOBEGATED  VEINS. 

The  veins  on  the  south  side  of  Kainy  lake  and  hence  all  those 
in  that  portion  of  the  gold  district  which  lies  in  this  state,  are 
of  the  variety  known  as  "segregated  veins."  They  are  con- 
formable with  the  bedding  or  foliation  of  the  schists,  but  their 
gangue,  being  chiefly  quartz,  differs  entirely  in  mineralogical 
composition  from  the  enclosing  rocks.  This  class  of  veins  may 
extend  with  unbroken  continuity  for  a  considerable  distance 
through  the  country  rock,  or  may  form  lens-shaped  bodies  of 
limited  extent,  occupying  a  more  or  less  distinctly  defined  belt 
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of  country.  They  vary  ia  thickness  from  an  inch  to  five  or 
more  feet,  and  may  extend  coDtinuoasly  for  fifty  or  a  hundred 
feet,  or  may  pinch  out  in  a  shorter  distance.  When  one  of  these 
quartz  lenses  is  found,  usually  others  exist  close  by  in  the 
direction  of  the  strike;  and,  moreover,  two  or  three  of  these 
lenses  may  be  found  side  by  side,  or  overlapping  each  other, 
being  separated  by  only  a  few  iqches  of  the  country  rock. 
Thus  there  commonly  exists  a  belt  of  rock,  from  one  to  ten  or 
even  more  feet  in  width,  in  which  quartz  lenses  are  common; 
and  in  this  belt  the  rock  around  the  lenses  is  more  or  less  com- 
pletely impregnated  with  quartz.  To  this  l>elt  of  quartzose 
rock,  including  the  quartz  lenses,  the  miners  and  explorers 
loosely  apply  the  term  vein.  The  "vein"  may  thus  be  several 
feet  in  width,  but  it  is  not  composed  wholly  of  vein  material; 
in  fact,  it  is  seldt^n  more  than  half  quartz,  and  usually  the 
quartz  makes  oo  more  than  one  fourth  of  the  total.  The  accom- 
panying figiiT«  represents  the  surface  exposure  of  one  of  these 
veins;  it  also  represents  fully  as  well  a  vertical  cross  section  of 
the  vein.  The  areas  of  undulatory  lines  indicate  the  country 
rock  and  the  darker  areas  the  quartz  lenses,  while  the  dotted 
area  represents  the  belt  of  country  i-ock  which  is  more  or  less 
impregnated  with  quartz.  The  last  two  parts  form  the  vein, 
using  this  term  in  its  larger  sense. 


Fio,  S.— Oenerkllxed  Burtao«  section  of  one  at  the  segregftMd  veEos. 

The  minerals  occurring  in  the  veins  are  not  many.  The 
lenses  are  composed  of  pure  white  coarsely  crystallized  quartz; 
sometimes  no  other  mineral  is  present.  Usually,  however,  and 
always  in  the  gold-bearing  veins,  there  is  some  pyrite  and  a 
dark  chloritic  material  which  can  generally  be  referred  to  frag- 
ments of  the  country  rock.  Pyrite  is  also  frequently  dissem^i- 
nated  through  the  quartz-impregnated  rock  which  surrounds 
the  lenses.  The  gold  occurs  associated  with  the  pyrite.  bat 
sometimes  small  fiakes  can  be  seen  in  the  white  quartz  appar- 
ently entirely  separated  from  the  pyrite.  Where  the  veins  have 
weathered  or  decayed,  particles  of  gold,  the  size  of  a  pin's  head 
or  occasionally  much  larger,  can  be  found  on  the  surface  of  the 
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vein  in  cavities  left  by  the  decay  of  the  pyrite.  Most  com- 
monly DO  gold  is  visible  to  the  unaided  eye.  The  gold  is 
confined  principally  to  the  quartz  lenses,  but  also  occurs  in 
small  amounts  in  the  quartzose  rock  around  the  lenses. 

These  veins  vary  considerably  in  width  and  in  the  amount  of 
quartz  and  the  number  of  quartz  lenses  in  them.  A  vein  that 
is  ten  feet  wide  and  half  to  two-thirds  quartz  in  one  spot  may 
vary  in  the  distance  of  a  few  rods  to  half  that  width  and  may 
contain  not  more  than  a  fifth  part  quartz;  or  on  account  of  the 
absence  of  the  quartz  lenses  it  may  be  almost  unrecognizable. 
Further  on  it  may  widen  out  and  contain  a  large  number  of  the 
lenses.  Variation  in  the  amount  of  gold  seems  to  be  as  common 
and  as  pronounced  as  variation  in  width  or  number  of  quartz 
lenses. 

On  account  of  the  water  covered  areas  and  those  covered  by 
swamps  or  soil,  no  vein  has  been  traced  any  great  distance, 
but  in  all  probability  they  will  frequently  be  found  to  extend 
more  or  less  brokenly  for  several  miles.  The  vein  of  the  Lit- 
tle American  mine  appears  again  on  the  island  just  to  the  west 
of  the  one  on  which  this  mine  is  situat-ed;  while  to  the  east  and 
in  the  direction  of  the  strike  apparently  the  same  vein  appears 
at  several  places: — on  the  south  shore  of  Rainy  lake  in  the  S. 
W.i  of  S.  W.  i  sec.  26,  T.  71-22;  in  the  S.  E.  i  of  S.  E.  i  of  the 
same  section;  and  also  on  the  island  in  the  S.  W.  i  of  S.  W.  ^ 
sec.  2b.  Thus  when  a  vein  is  known  at  one  point  it  can  confi 
dently  be  searched  for  again  in  other  exposuros  along  the 
strike,  but  nothing  can  be  safely  predicted  as  to  its  size  and 
richness  at  other  points.  These  facts  can  be  determined  only 
by  exploitation  and  assays,  but  a  vein  which  has  a  considerable 
width  and  richness  at  one  point  will  more  probably  have  the 
same  characters  at  other  points.  In  making  these  statements 
concerning  the  extent  of  certain  veins  over  considerable  dis- 
tances reference  is  had  only  to  the  larger  and  more  pronounced 
ones,  i.  e.,  those  which  are  several  feet  in  width  and  which  have 
a  number  of  quartz  lenses  lying  side  by  side  or  nearly  so.  Sin- 
g\e  lenses  of  quartz  are  not  uncommonly  found,  but  these  are 
of  only  small  size  and  others  can  not  always  be  found  by  fol- 
lowing along  the  strike  of  the  first. 

As  has  been  already  stated  these  veins  run  parallel  to  the 
strike  of  the  cleavage  of  the  country  rock.  They  are  thus  nar- 
row beds  now  standing  in  a  nearly  vertical  position  and  extend- 
ing indefinite  distances.  They  occur  in  the  rocks  of  both  the 
Keewatin  and  Coutchicbing.     The  veins  found  in  the  Coutchi- 
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ching  rocks  are  almost  entirely  of  pure  quartz,  containing  very 
little  other  mineral  matter.  They  are  very  poor,  or  entirely 
lacking  in  gold.  None  of  the  veins  in  this  series  of  rocks  have 
as  yet  proved  of  value.  The  veins  in  the  Keewatin  rocks  are 
richer  and  are  the  only  ones  in  irhich  paying  amounts  of  gold 
have  been  found  on  the  Minnesota  side  of  the  lake.  The  best 
veins  occur  in  the  greenish  schists  of  the  Keewatin.  As  far  as 
known  the  most  promising  belt  of  this  rock  is  that  which  comes 
to  the  shore  at  the  head  of  the  bay  in  the  N  }  of  sec.  32,  T-  71- 
22,  and  extends  eastward  from  there,  including  the  Little 
American  island  and  those  just  to  the  west  of  it,  a  narrow  strip 
along  the  south  shore  of  the  lake  eastward  from  Rainy  Lake 
City  to  the  west  line  of  St.  Louis  county,  and  the  small  islands 
just  to  the  north  of  this  shore.  Another  belt  of  this  rock  just 
touches  the  north  side  of  Dryweed  island  and  in  it  is  the  Lyle 
mine,  near  the  center  of  the  S.  E.  J  of  sec.  23.  T.  71-22. 

A  consideration  of  the  manner  in  which  these  veins  were 
probably  formed  may  throw  some  light  on  their  ezact  nature. 
The  cleavage  planes  of  the  country  rock,  parallel  to  which  lie 
the  veins,  while  trending  on  the  whole  in  one  general  direction, 
still  vary  to  a  certain  extent  in  their  directions  in  distances  of 
a  few  inches  or  feet,  i.  e.,  they  are  undulating.  An  attempt 
was  made  to  indicate  this  fact  in  the  cut  (figure  2,  page  74) 
representing  a  section  of  one  of  these  veins;  here  the  undulat- 
ing lines  represent  the  cleavage  planes  of  the  rock.  This 
cleavage  is  seen  to  be  undulating  or  wave-like  in  form  In  a 
vertical  as  well  as  in  a  horizontal  section.  The  surface  of  one 
layer  of  the  rock  may  be  very  roughly  likened  to  the  surface 
of  a  lake  with  a  "choppy"  sea;  just  fitting  into  this  surface  is 
another  complementary  one  of  the  rock  layer  next  adjacent. 
Along  the  veins  there  has  been  some  slipping  (or  faulting]  of 
the  different  layers  on  each  other;  that  this  is  the  case  is  indi- 
cated by  the  sheared  and  crushed  condition  of  the  rock  and  by 
the  frequent  slickensided  surfaces.  When  this  faulting  occurred, 
especially  where  there  was  no  great  pressure  normal  to  the  f  aalt 
plane,  there  would  be  formed  certain  irregularly  lens-shaped 
cavities  where  the  surface  of  one  layer  did  not  fit  the  surface 
of  the  next  adjacent  one.  These  lens-shaped  cavities  are  now 
represented  by  the  lenses  of  quartz.  This  faulting  would  not 
be  confined  to  slipping  between  two  layers  alone,  but  would 
occur  between  several  adjacent  layers,  so  that  the  faulted  area 
is  not  strictly  a  plane  but  a  bed  of  several  inches  or  feet  in 
thickness.      How  great  this  faulting  has  been  we  do  not  know. 
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bub  that  the  area  of  weakness,  ia  which  were  crashed  rock  and 
cavities,  extends  to  a  considerable  depth  seems  quite  certain. 
Ia  this  area  of  weakness  solutions  would  easily  travel  and 
mineral  matter  would  be  deposited  from  them;  thus  would 
occur  the  impregnation  of  the  crushed  rock  and  the  SUing  of 
the  cavities.  Under  this  view  of  the  origrin  and  nature  of  these 
veins  it  is  seen  that  they  lie  along  lines  of  faulting  and  that 
they  could  thus  receive  solutions  emanating  from  great  depths; 
thus  these  veins  are  in  many  features  closely  analogous  to 
true  fissure  veins. 

Gieneral  considerations  bearing  upon  the  question  of  the 
source  of  the  metalliferous  constituents  of  these  veins  have 
already  been  given.  In  this  connection,  however,  the  views  of 
Dr.  A.  C.  Lawson  upon  this  subject  are  pertinent  and  interest- 
ing, coming  from  one  who  has  carefully  studied  the  region 
under  consideration.     He  says:* 

Thedletrlbutlou  of  veins  aod  metalliferous  deposits  in  tbe  Archsean 
has  further  an  Interesting  bearing  upon  the  question  of  the  hlstorf  of 
these  rocks.  The  Laureatlaa  rocks  of  the  regloa  are  remarlcably  barren 
of  metalltferoDS  deposits.  The  Upper  ArchEeau.  partlcularlf  the  Eee- 
watiD  series  which  is  largely  compooed  of  volcanic  rocks,  is  rich  In  such 
deposits  as  native  gold  [with  a  little  associated  aiiver),  iron  ores,  copper 
pvrites,  Iron  pyrites,  misplckel,  galena  and  ziuc  blende.  These  minerals 
are  abundant  in  the  Keewatln  series,  though,  of  course,  only  occasionally 
found  sufficiently  concentrated  to  be  of  economic  value. 

There  can  be  but  little  doubt  that  their  occurrence  In  these  rocks  ia 
Intimately  associated  with  the  volcanic  roclis,  although  the  period  of 
their  formation  ia  not  necessarily  that  of  the  formation  of  the  Toloanlc 
rocks  themselves.  Now,  unless  we  regard  the  floor  upon  which  the  upper 
Arcbfean  was  deposited  to  have  been  the  orlginai  crust  of  the  earth,  for 
which  supposition  we  have  no  good  evidence,  we  must  assume  that  it  was 
made  up  of  ordinary  strata,  either  volcanic  or  sedimentary,  or  composed 
of  both.  As  such  It  is  probable  tbat  It  was  traversed  by  veins,  and  that 
In  the  volcanic  portions,  if  not  elsewhere,  these  veins  were  metalllterous. 

But  in  the  Laurentian  we  do  not  find  anything  liice  the  number  of 
veins  tbat  are  found  in  the  Upper  Archiean,  and  those  that  are  occasion- 
ally observed  are  not  metalliferous.  The  simplest  explanation  of  this 
marked  difference  between  the  Upper  and  Lower  Archtean,  as  regards 
veins  and  metalliferous  deposits,  appears  to  the  writer  to  be  precisely  that 
which  gives  a  satisfactory  account  of  ail  the  other  features  of  the  region, 
viz:  that  the  Laurentian  rocks  have  passed  through  a  state  of  fusion, 
while  the  superincumbentUpper  Archtean  remalnedunfused.  This  fusion 
would  cause  the  dissemination  throughout  the  magma  of  whatever  metr 
alliferous  deposits  bad  been  segregated  in  veins,  so  that  they  could  not  be 
detected  by  ordinary  means.  The  veins  which  cut  the  Upper  Archasan  are 
probably,  as  before  suggested,  due  to  aqueous  emanations  from  the  Lower 
Archaean  magma,  the  metals  in  the  veins  being  probably  derived  from  the 
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volcanic  rocks  traversed  by  tbese  emaaallona,  8o  that  the  very  causes 
which  obliterated  veins  andmelalllferoDsdepusltalD  the  lower  portion  of 
the  ArchieaD  may  be  said  to  have  given  rise  totboseln  the  Upper  Archsan. 

Little  American  mine. 

This  vein,  the  first  to  be  discovered  and  developed,  belong 
to  the  cla.ss  of  se^egated  veins.  Situated  on  a  small  island  in 
theN.  W.  iot  sec.  33,  T.  71-22.  one  hundred  miles  from  any 
railroad,  and  developed  in  the  face  of  all  the  obstacles  to  be 
met  with  in  a  new  district,  it  has  served  to  attract  attention  to 
this  undeveloped  portion  of  our  state,  and,  whether  it  proves  to 
be  the  most  profitable  mine  in  the  region  or  not,  it  will  in  this 
way  always  be  remembered  as  the  most  useful. 

Geo.  W,  Davis  discovered  the  vein  while  prospecting  alone 
about  the  last  of  July,  1893.  Reaching  the  island  one  evening- 
about  dark  he  had  no  opportunity  to  examine  the  quartz  which 
he  saw  until  the  following  morning  when  be  "panned"  it  and 
obtained' gold.  Mr.  Davis  remained  on  the  island  and  in  the  vi- 
cinity for  nearly  a  month  and  then  went  only  as  far  away  as  Port 
Frances  to  renew  his  store  of  provisions.  On  his  return,  about 
the  last  of  August,  he  brought  back  with  him  a  man  named 
Qairk  and  a  blacksmith  from  the  "Fort"  and  together  they 
fired  the  first  blast  on  the  29th  day  of  August,  1893.  Subse- 
quently going  to  Duluth  with  samples  of  his  ore  and  telling  of 
his  discovery,  a  company  called  the  Bevier  Mining  and  Milling 
Company  was  organized  in  January,  1894,  with  A.  S.  Chase. 
"Hutch"  Bevier  and  "Jeff"  Hildrethas  incorporators.  Having 
some  trouble  to  secure  title  to  the  land  it  was  purchased  from 
the  government  by  using  the  right  of  selection  or  "scrip"  of 
the  St.  Paul,  Miiineapolis  &  Manitoba  railway.  Active  opera- 
tions were  at  once  begun  under  the  direction  of  Mr.  Hildreth 
and  a  5-stamp  mill  was  set  up  on  the  mainland  at  Rainy  Lake 
City,  about  one  mile  from  the  island,  where  the  shaft  was  sunk. 
This  mill  began  stamping  on  July.  16.  1894,  and  continued  with 
some  interruption  until  Sept.  24  of  the  same  year,  when,  hav- 
ing used  all  the  ore  in  stock  and  finding  the  cost  of  the  opsr- 
ation  too  great,  it  was  shut  down.  Shortly  afterwards  the 
operation  of  the  mine  and  mill  passed  into  other  hands  and 
plans  were  laid  for  work  on  a  more  systematic  basis.  A  casual 
inspection  of  the  mine  will  reveal  a  woeful  lack  of  business 
ability  in  the  arrangement  and  execution  of  the  operations  of 
mining  and  milling.  The  expenses  must  have  been  at  least 
double  what  they  should  have  been,  even  with  so  many  diflB- 
culties  to  overcome.     The  hoie  in  the  ground,  called  by  courtesy 
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a  shaft,  was  about  ]0'x40'x44'  and  was  as  ragged  a  cavern  as 
can  be  found  in  the  state.  With  no  timbering,  no  pumps,  noth- 
ing but  a  hand  windlass  for  hoisting  ore,  rock  and  water,  and 
the  mill  a  mile  away,  it  is  a  good  example  of  the  folly  of  rob- 
bing a  mine  in  order  to  provide  ore  for  present  purposes  with- 
out proper  development  for  future  mining.  Every  item  of  ex- 
pense must  necessarily  have  been  abnormally  large  by  such 
poor  management  as  is  here  displayed. 

As  to  the  operation  of  the  mill  the  following  quotation  from 
a  letter  received  from  Mr.  A.  S.  Chase,  one  of  the  directors  of 
the  Bevier  Mining  Company,  contains  considerable  reliable 
information: 

From  the  best  information  I  have  the  mill  ran  In  all  fifty -two  days. 
The  nearest  estimate  as  to  quantit;  of  ore  crushed  is  500  toDS.  We  have 
DO  record  of  each  cleao  up  but  the  actual  shlpmeots  of  bullion  were:  Au- 
gust lOth,  $362.30;  August  20th,  »l,968.a5;  September  18th,  82,481.76;  Oc- 
tober 18th,  »732.42;  total,  86,535.33.  The  cost  as  near  as  we  can  tell,  was 
about  $7.00  per  ton  for  mining  and  mlUlug.  With  proper  management  It 
caa  doubtless  be  mined  and  milled  for  S3.00  per  ton.  We  bave  but  five 
stamps  and  of  course  the  cost  of  milling  would  necessatily  be  lai^e,  but 
there  are  other  reasons  for  the  great  cost  of  producing  this  bullioo  which 
can  be  easily  overcome.  The  mill  produced  all  the  way  from  8  to  27 
ounces  of  bullion  per  day,  showing  very  clearly  that  quantities  of  rock 
were  crushed  which,  nltb  proper  sorting,  would  not  have  been  used,  es- 
pecially with  this  little  mill.  It  Is  certain  that  tbere  was  do  attempt  at 
deception  and  I  am  fully  convinced  that  gold  in  lai^ely  paying  quantities 
exists  in  the  Rainy  Lake  region. 

The  vein  is  about  ten  feetin  width  and  dips  south  about  80°. 
Its  strike  is  N.  80°  E,  and  it  is  believed  to  run  across  the  next 
island  west  of  the  Little  American.  The  ore  is  gray  quartz 
with  streaks  and  masses  of  the  schist  which  constitutes  the 
country  rock  enclosed  in  it.  It  contains  a  rather  small  amount 
of  pyrites  and  some  visible  gold.  Less  than  five  per  cent.,  and 
perhaps  less  than  three  per  cent.,  of  the  ore  goes  into  the  con- 
centrates which  have  an  assay  value  of  about  $12.50  per  ton. 
Samples  of  the  ore  taken  from  the  vein  at  the  depth  of  ten  feet 
uid  from  the  top  of  the  stock  pile  where  the  ore  from  the  bot- 
tom of  the  pit  was  supposed  to  lie,  assayed  $11.51  ($11.39  gold 
and  1.12  silver),  and  $3.37  ($3.31  gold  and  $  .06  silver)  re- 
spectively. 

Big  American  mine. 

This  is  the  homestead  of  George  Davis,  the  discoverer  of 
gold  at  Rainy  lake.  The  property  constitutes  the  soutliwest 
corner  of  Dryweed  island.  -^  pit  hve  feet  square  and  five  feet 
deep  has  been  dug  in  the  usual  siliceous  sericitic  schist  of  the 
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island.  In  the  pit  are  three  quartz  lenses,  none  of  them  more 
than  a  foot  in  width.  The  rock  at  the  pit  is  more  schistose  and 
greener  in  color  than  the  adjoining  rock.  The  strike  is  N.  70° 
E.  (mag. ),  and  the  dip  is  90°.  Exposures  near  by  show  other 
quartz  lenses  along  the  strike  a  few  yards  from  the  pit,  bat 
□ot  enough  work  has  been  done  here  to  show  the  width  and 
probable  extent  of  the  vein. 

Other  prospects. 

In  the  vicinity  of  Rainy  Lake  City  are  several  places  where 
some  work  has  been  done,  but  the  veins  are  small  or  the  ex- 
ploitation has  not  gone  far  enough  to  show  clearly  their  extent 
and  value.     Some  of  these  prospects  will  be  mentioned  below. 

On  the  eastern  end  of  the  island  in  the  S.  W.  i  S.  W.  J  sec. 
25,  T.  71-22,  a  shaft  has  been  sunk.  It  was  reported  to  be  down 
to  a  depth  of  twenty-eight  feet,  but  in  October  the  work  had 
been  abandoned  and  the  shaft  was  partially  filled  with  water; 
a  short  drift  has  been  run  out  towards  the  south.  The  vein 
here,  i  e.,  the  belt  of  siliceous  rock  in  which  the  quartz  lenses 
occur,  is  about  three  feet  wide  as  exposed  at  the  surface. 

The  blunt  point  of  land  in  the  S.  W.  i  S.  W.  i  sec.  26.  T.  71- 
22,  is  crossed  by  another  vein,  which  has  been  uncovered  at 
severaj  places.  In  some  places  there  is  a  width  of  nearly  six 
feetof  almost  pure  white  quartz.  This  vein  is  probably  a  con- 
tinuatiou  of  the  one  just  mentioned  on  the  island. 

In  the  S.  E.  i  of  S.  E,  {  sec.  23.  T.  71-22,  is  a  small  island 
on  which  is  whiit  is  known  as  the  "Old  Soldier  mine".  The 
island  is  made  of  mica  schist  in  which  are  small  veins  of  quartz 
and  some  beds  or  dikes  of  gneiss  or  foliated  granite.  This 
granitic  rock  varies  in  color,  being  light  or  dark  according  to 
the  amount  of  biotite  or  hornblende  it  contains.  A  considerable 
amount  of  pyrite  is  disseminated  through  this  rock. 

The  large  island  in  the  N.  W.  J  of  sec.  26,  T.  71-23,  known 
as  Kingston  island,  has  a  few  small  veins  running  across  it. 
Some  work  is  now  being  done  upon  these,  but  at  the  time  of  our 
visit  it  had  not  progressed  far. 

The  vein  of  the  Little  American  mine  is  seen  again  on  the 
island  nearest  west  of  the  Little  American  island,  and  the  com- 
pany has  commenced  operations  here  and  are  uncovering  the 
vein  and  have  started  a  drift  along  side  of  it. 

It  was  formerly  supposed  that  segregated  veins  are  sot  so 
persistent  as  fissure  veins,  and  that  they  are  not  so  likely  to  be 
productive  in  depth.    This  view  does  not  appear  to  have  a 
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basis  in  fact,  however,  since  "  Tecent  mining  operations  have 
materially  modified  the  received  views  respecting  the  value 
and  persistency  of  the  so-called  segregated  veins.  Many  of 
them  are  of  great  thickness  and  extent,  and,  after  having 
been  worked  to  very  considerable  depths,  have  been  there 
found  as  productive  as  they  were  nearer  the  surface.  The 
character  of  the  veinstone  of  such  deposits  frequently  appears 
to  in  no  way  vary  from  that  of  true  fissure  veins,  from  which 
they  often  differ  in  no  respect  except  that  their  course  is  often 
parallel  to  that  of  the  strata  between  which  they  lie."  (Phil- 
lips, Ore  Deposits,  p.  91). 

II.      FISSURE  VEINS. 

True  or  fissure  veins  have  already  been  briefly  described,  and 
the  prevalent  theory  of  their  origin  outlined.  Their  distin- 
gulshing  feature  is  their  entire  independence  of  the  strike  or 
foliation  of  the  enclosing  rocks.  Indeed,  because  of  the  wavy 
line  of  strike  of  the  crystalline  and  semi-crystalline  rocks,  a 
fissure  vein  almost  always  cuts  across  the  strike  in  some  por- 
tion of  its  course.  The  walls  of  fissure  veins  have  usually  a 
more  direct  and  even  course  than  those  of  other  veins,  and  are 
smoothed  or  "slickensided"  In  a  similar  manner. 

The  veins  in  the  vicinity  of  Rainy  lake  which  present  the 
characteristics  of  fissure  veins  are  thbse  in  the  vicinity  of  Shoal 
and  Bad  Vermilion  lakes,  east  of  Seine  bay  at  the  east  end  of 
Rainy  lake.  Occurring  for  the  most  part  in  a  granitic  rock, 
they  strike  north  and  south  or  northwest  and  southeast, — al- 
most at  right  angles  with  the  series  of  segregated  veins.  The 
quartz  is  somewhat  different  in  appearance,  perhaps  due  largely 
to  the  fact  that  it  is  richly  charged  with  the  sulphides  bf  iron, 
copper,  lead,  zinc  and  silver,  and  near  the  surface  with  the  oxi- 
dized alteration  products  of  these  minerals.  The  first  of  these 
veins  to  be  brought  to  public  notice  as  containing  gold  is  on  lo- 
cation "A  Li  75"  and  is  known  as 

Wiegand^a  location. 
Thomas  Wiegand  and  Alex  Lockhart  discovered  auriferous 
quartz  veins  on  this  and  adjoining  locations  in  September,  1893. 
The  veins  strike  north-south,  or  northwest- southeast,  and  vary 
in  width  on  the  surface  from  six  inches  to  six  feet.  The  ore  is 
charged  with  zinc  blende,  galena,  pyrite  and  free  gold  and  is 
somewhat  stained  by  iron  rust  near  the  surface.     There  is  dis- 
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tiact  evidence  of  crustificatioc  in  some  of  the  veins,  while  in 
others  the  ore  is  more  homogeneous  in  texture  and  appearance. 
The  walls  are  well  defined  and  finely  slickensided.  The  coun- 
try rock  immediately  surrounding  the  veins  is  mentioned  else- 
where (p.  58),  and  is  not  inaptly  called  "bastard  granite"  by 
some  of  the  explorers  of  the  region.  This  rock  has  often  a 
foliation  which  corresponds  in  general  with  the  strike  of  the 
schistose  rocks  which  lie  south  of  Shoal  lake.  The  trend  of 
the  veins  is  across  the  prevalent  foliation  of  the  granite,  and 
their  length  is  sometimes  seen  to  be  at  least  half  a  mile,  as  re- 
vealed by  the  outcrops.  In  connection  with  Col.  S.  W.  Ray  of 
Port  Arthur,  Ont.,  Mr.  Wiegand  has  done  considerable  explor- 
ing on  these  locations  in  the  way  of  uncovering  the  veins  and 
sinking  test  pits. 

Pit  No.  1  was  IS  feet  deep  on  the  lode,  showing  the  vein  to 
increase  in  width  from  about  6  inches  at  the  surface  to  20  or  24 
inches  at  the  bottom,  with  a  vertical  dip.  Near  the  top  of  the 
ground  the  vein  is  banded  pink,  red  and  white;  but  the  quartz 
is  all  light  colored  at  the  depth  of  12  feet,  and  appears  to  be 
nearly  equally  charged  with  "sulphurets"  throughout.  Where 
stringers  of  quartz  join  the  vein  from  the  walls  considerable 
free  gold  is  said  to  have  been  noticed.  Just  west  of  this  pit, 
and  about  75  feet  from  it,  a  parallel  vein  three  feet  in  width  is 
seen  to  outcrop.     The  latter  has  not  been  prospected. 

Sample  from  the  stockpile  at  No.  1  pit  assayed  $6.83  in  gold 
and  $  .15  silver,  a  total  of  46.98  per  ton. 

Pit  No.  2  is  on  location  "A  L  94."  Its  depth  is  12  feet  and 
it  is  sunk  on  two  parallel  veins  separated  quite  sharply  by  a 
band  of  granite  about  two  feet  in  thickness  at  the  surface,  and 
as  far  as  shown  in  the  test  pit,  the  dip  is  about  vertical  and  the 
strike  north  and  south.  Bunches  of  pyrites  having  a  thickness 
of  several  inches  are  numerous  in  the  eastern  vein.  Near  the 
surface  these  were  said  to  have  been  much  rotted  and  held  to- 
gether by  threads  of  gold.  Considerable  gold  was  obtained  up- 
on washing  this  pyrite  in  a  pan,  after  crushing  it  finely  in  a 
mortar.  A  sample  from  the  pile  of  quartz  thrown  out  of  the 
pit  was  assayed  with  the  following  result:* 

Gold     2.32  oz.  per  ton,  worth $48.02 

Silver    .64  "  "        40 

Total  value  per  ton  of  ore $48.42 

•  Tbe  assays  repurted  here  wore  made  by  F.  F.  Sharplesa  In  the  laboratory  of  Shurp- 
leas  &  Wlucbell,  Minneapolis. 
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Pit  No.  3  is  on  location  "AL  75,"  aad  at  the  time  of  examina- 
tion was  19  feet  deep.  Tbe  vein  is  similar  to  those  already  de- 
scribed on  these  locations,  striking  north-south  and  having  a 
width  of  one  foot  to  three  feet  and  a  half,  and  growing  wider 
as  depth  is  attuned.  The  dip  is  80°.  Samples  taken  from  the 
stockpile  and  vein  here  gave  the  following  assays: 
Dump  sample: 

Gold,      .35  oz.  per  ton,  worth 17.25 

Silver,  2.46  oz.  per  ton,  worth 1 .  55 

Total  value  per  ton fS.SO 

Surface  of  vein : 

Gold,  3.23  oz.  per  ton,  worth $66.86 

Silver,  .47  oz.  per  ton,  worth 30 

Total  value  per  ton $67.16 

The  walls  of  these  veins  are  smooth  and  sharply  defined, 
being  usually  separated  from  the  vein  matter  by  a  thin  sheet 
of  soft  material,  supposed  to  be  the  product  of  pressure, 
shearing  and  chemical  alteration.  Some  of  these  veins  can  be 
traced  for  a  mile  across  the  country,  maintaining  their  width 
and  course  quite  persistently.  The  mineral  content  of  the 
different  veins  varies  considerably.  Thus  Vein  No.  3  on 
Wiegand's  location  is  more  heavily  charged  with  blende, 
pyrite,  galena  and  cbalcopyrite  than  Veins  No.  1  and  No.  2, 
but  is  no  more  richly  "mineralized"  than  some  veins  seen  else- 
where in  this  same  immediate  vicinity. 

The  Lucky  Coon. 
Hitlyer's  location,  as  it  was  first  known,  or  The  Lucky 
Coon,  as  it  is  now  christened,  is  location  "655  P"  consisting 
of  about  170  acres.  It  is  situated,  as  shown  on  the  map,  north 
of  the  eastern  end  of  Shoal  lake,  and  east  of  Bad  Vermilion. 
The  country  rock  here  is  quite  similiar  to  that  at  Wiegand's; 
but  the  granite  is  coarser  and  more  massive,  and  has  pink 
feldspar  crystals  developed  in  it  at  a  short  distance  from  the 
veins.  At  the  time  of  examination  two  nearly  parallel  veins 
about  150  feet  apart  were  being  developed  by  shafts.  This 
properly  is  operated  by  Hugh  Steele, of  Duluth,  W.G.  Miller,  of 
Minneapolis,  Geo.  Hillyer,  of  West  Superior,  and  Carrol  Car- 
son, of  Biwabik,  Minn.  The  work  was  being  done  under  the 
direction  of  Mr.  Hillyer.  Other  parties  who  own  an  interest 
in  it  aVe  Wm.  Campbell  and  Messrs. Mosher  and  A.  L.  Robinson. 
The  Seine  River  Mining  company,  of  West  Superior,  Wis.,  ig 
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organized  to  work  this  miae,  and  a  stamp  ipill  is  to  be  ordered  at 
once.  The  strike  of  the  veins  isaboutB. 25°  S.  The  more  north- 
erly one  (No.  1)  dips  N.  25°  E.  80°,  while  the  more  southerly  one 
(No.  2)  dips  S  25°  W,  80°,  in  other  words  the  two  veins  are 
each  within  10°  degrees  of  verticality  and  dip  away  from  each 
other  so  far  as  revealed  by  test-pitting.  It  is  to  be  expected 
that  the  dip  of  one  or  the  other  vein  will  change  so  as  to  bring 
them  both  to  a  conformable  dip  in  the  same  direction. 

Pit  No.  1,  on  Vein  No.  1,  at  the  time  of  our  visit  was  abont 
10  feet  deep,  and  its  dimensions  about  6x10.  The  vein  has  a 
width  of  about  6  feet  and  has  good  walls.  It  is  banded  or 
"crustined"  and  contains  considerable  pyrite,  chalcopyrite, 
blende  and  a  dark  mineral  resembling  argentite.  This  vein 
has  been  traced  for  more  than  half  a  mile  by  surface  out- 
croppings.  The  best  ore  is  said  to  come  from  near  the  foot 
wall.  A  sample  of  ore  taken  from  the  bottom  of  the  pit 
assayed  *2.07  in  gold,  and  showed  no  silver. 

Pit  No.  2  is  on  Vein  No.  2,  which  has  a  width  of  5  feet  where 
exposed.  It  was  very  heavily  mioeralized  from  the  surface  to 
the  bottom  of  the  pit  which  was  only  9  feet  deep,  and  showed 
considerable  gold  in  a  decayed  and  oxidized  state  that  was  seen 
in  the  middle  of  the  vein.  The  walls  are  smooth  and  slicken- 
sided  and  indicate  a  good  depth  to  the  vein.  It  contains  the 
same  sulphides  noticed  in  Vein  No.  1,  with  the  addition  of 
galena,  and  where  these  minerals  have  been  removed  by  oxida- 
tion there  is  often  a  beautiful  display  of  flecks  and  small  Dug> 
gets  of  gold.  Sample  from  all  over  the  pile  of  ore  thrown  out 
of  the  pit  gave  just  the  same  results  as  the  sample  from  No. 
1  pit.  Ore  taken  from  a  heavily  mineralized  portion  of  the  vein 
yielded  an  assay  value  of  $43.26  gold  per  ton. 

Other  prospects  near  Shoal  lake. 

The  Mosher  properties  are  "A  L  110,"  "A  L  111"  and  "A  I* 
112,"  and  are  in  the  same  rock  as  Wiegand's  and  Hillyer's  loca- 
tions. Some  prospecting  has  been  done'  here  on  a  vein  that 
has  a  width  of  six  feet  and  strikes  northwest  and  southeast 
Flecks  of  gold  are  visible  in  the  vein  matter,  and  the  ore  is 
quite  similar  in  many  respects  to  that  of  the  Lncky  Coon. ' 

It  is  evident  from  a  description  of  these  veins  that  a  larger 
percentage  of  the  ore  from  those  Assure  veins  near  Shoal  lake 
will  be  of  the  kind  called  refractory  than  is  the  case  with  the 
ore  from  the  segregated  veins  contained  in  the  Keewatin 
schists.  What  percentage  this  wilL  be  cannot  yet  be  told. 
Some  of  the  gold  is  contained  in  the  quartz  without  association 
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■with  the  sulphurets,  but  much  of  it  is  so  intimately  mingled 
with  them  as  to  require  treatment  as  refractory  ores.  It  is 
also  to  be  expected  that  the  percentage  of  freemilliog  ore 
will  decrease  with  depth.  Certaialy  so  far  as  the  amount  of 
free-milling  ore  is  dependent  upon  oxidation  of  the  sulphides 
there  will  be  a  rapid  Increase  in  the  amount  of  refractory  ore 
below  the  surface,  for  oxidation  has  extended  but  a  few  feet 
into  the  veins  since  the  glacial  period.  It  is  quite  possible, 
however,  that  a  considerable  proportion  of  the  gold  exists  in 
the  ore  in  a  condition  to  be  removed  by  milling  and  amalgama- 
tiOD,  independently  of  any  oxidation  of  the  sulphurets.  In 
that  case  there  will  not  be  so  great  a  change  in  the  ore  as  the 
mines  grow  deeper. 

The  veins  in  this  vicinity  being  very  numerous,  nearly  all  of 
the  land  is  already  surveyed  into  mining  locations  and  sold  un- 
der the  mining  laws  of  Ontario.  Lying  a  little  outside  of  the 
district  which  properly  comes  under  the  jurisdiction  of  the 
Minnesota  geological  survey,  the  Seine  river  and  Shoal  lake 
region  was  only  examined  sufiiciently  to  obtain  an  idea  of  its 
general  worth,  and  many  prospect  holes  and  veins  were  not 
seen.  Bnough  was  seen,  however,  of  individual  properties, 
and  of  the  geology  of  the  district  to  create  the  impression  that 
this  is  destined  to  be  the  richest  area  thus  far  prospected 
around  Rainy  Istke.  The  reasons  for  this  belief  may  be  briefly 
stated.  The  veins  are  fissure  veins  and  cross  the  strike  of  the 
rocks  nearly  at  right  angles.  The  ore  is  well  charged  with 
heavy  sulphides,  and  the  gangue  is  considerably  stained  and 
colored  with  them.  The  walls  of  the  veins  indicate  that  they 
will  extend  indefinitely  downward,  and  explorations  have  shown 
their  length  to  be  considerable.  The  rock  which  contains  the 
veins  bears  evidence  of  having  undergone  great  pressure, 
shearing  and  chemical  metasomatosis,  and  corresponds  in  age 
and  mineralogical  composition  to  the  usual  associates  of  aurif- 
erous veins. 

But  perhaps  the  most  favorable  feature  of  the  veins  of  this 
particular  portion  of  the  Rainy  Lake  district  is  their  intimate 
relation  with  the  areas  of  eruptive  rock  called  "gabbro"  on  the 
north  and  of  greenstone  on  the  south.  This  gabbro  occupies 
an  area  of  several  square  miles  around  Bad  Vermilion  lake,  and 
there  can  be  but  little  doubt  that  it  has  been  of  great  impor- 
tance in  the  formation  and  enriching  of  the  veins  in  its  neigh- 
borhood. It  is  not  clearly  proven  that  the  veins  date  from  the 
advent  of  the  gabbro;  but  the  fact  that  the  gabbro  seems  to  be 
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later  than  the  peculiar  granite  area  Lying  between  Shoal  and 
Bad  Vermilion  lakes,  and  the  further  fact  that  the  veins  are 
quite  different  in  strike  from  the  other  veins  around  Rainy  lake, 
and  appear  to  radiate  from  the  gabbro  area,  as  a  center,  is 
Btrongly  indicative  that  the  formation  of  the  fissures  was  due  to 
the  irruption  of  the  gabbro.  As  already  stated,  the  proximity  of 
eruptive  rocks  is  almost  universally  believed  to  have  exerted 
a  beneficial  influence  on  the  richness  of  metalliferous  veins,  and 
it  will  be  strange  if  it  does  not  prove  so  in  this  instance. 

III.      FAHLBANDS. 

Fahlbands  are  belts  of  rock,  often  of  considerable  width  and 
extent,  impregnated  with  sulphides  of  iron,  copper  and  zinc, 
and  sometimes,  also,  of  lead,  cobalt  and  silver.  There  are 
usually  several  of  these  belts  having  a  considerable  degree  of 
parallelism  with  one  another,  and  sometimes  traceable  upon 
their  line  of  strike,  for  several  miles.  The  amount  of  ore  con- 
tained in  such  belts  may  be  quite  considerable,  but  it  is  only  in 
a  few  localities  found  to  be  sufBciently  concentrated  to  render 
its  exploitation  profitable.  Fahlbands  are  usually  found  in 
regions  of  gneiss,  mica  and  hornblende  schists,  talc  schist  or 
chlorite  schist.  Veins  of  quartz  may  be  present  in  these  fahl  - 
bands,  running  parallel  with  or  intersecting  them  at  various 
angles,  but  they  are  sometimes  wanting  entirely.  There  is 
usually  a  gradual  transition  from  the  metalliferous  rock  of  the 
fahlband  into  the  barren  rock  on  either  side,  with  which  the 
fahlbands  are  usually  conformable.  When  intersected  by 
dikes  of  eruptive  rock  or  veins  of  quartz  there  is  frequently 
a  considerable  degree  of  enrichment  at  the  planes  of  intersec- 
tion. There  are  several  points  around  Rainy  lake  where  pros- 
pecting is  in  operation  in  fahlbands.  Some  of  these  are  not 
worthy  of  mention.  The  best  example  of  this  class  of  deposit 
is  the  Lyle  mine. 

Lyle  mine. 
This  is  situated  on  a  narrow  point  which  runs  out  from  Dry- 
weed  island  near  the  center  of  the  S.  E.  i  of  sec.  23,  T.  71-22, 
two  and  one  half  miles  northeast  of  Rainy  Lake  City.  This 
property  was  located  in  the  winter  of  1893-'94  by  William  and 
Edwin  Ward  of  Dulutb,  Work  was  begun  on  the  shaft,  which 
is  eight  feet  square,  on  September  6th.  1894,  and.  at  the  time  of 
our  visit,  a  month  later,  it  had  reached  a  depth  of  twenty-two 
feet.  The  shaft  is  down  in  a  peculiar  kind  of  siliceous  rock 
which  consists  of  narrow  bands  of  (1)  finely  divided  quartz,  (2) 
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a  dark  gresDish  material,  perhaps  largely  chlorite,  and  (3) 
bands  of  1  and  2  combined.  This  rock  constitutes  a  band  about 
twelve  feet  wide.  Throughout  it  are  numerous  quartz  string- 
ers or  lenses  of  all  sizes  from  those  a  fraction  of  an  inch  in 
thickness  to  one  which,  where  exposed,  is  two  and  a  half  feet 
across.  The  quartz  lenses  and  the  belt  of  rock  in  which  they 
occur  contain  a  considerable  amount  of  pyrite,  more  than  is 
common  in  the  veins  about  Rainy  Lake  City.  Masses  of  coarse- 
ly crystallized  siderite  are  found  in  some  of  the  quartz  lenses. 
This  belt  of  siliceous  rock,  including  the  lenses,  is  probably 
two-thirds  or  more  quartz,  and  it  will  be  necessary  to  mine  and  ■ 
stamp  the  whole  rock  as  ore,  as  it  is  impracticable  to  separate 
the  quartz  lenses.  Moreover,  the  siliceous  rock,  as  stated 
above,  contains  considerable  pyrite,  and  possibly  some  gold. 

The  country  rock  at  this  place  is  composed  of  cbloritic  and 
sericitic  schists  and  a  green  schist  in  which  are  many  small  spots 
of  siderite.  The  strike  is  N.  75°  E.  (mag. )  and  the  dip  75°  to 
80°  north  of  this  line.  Just  to  the  south  ot  the  little  point  on 
which  the  shaft  is  situated,  on  the  main  land  of  Dry  weed  island 
the  rock  is  the  usual  sericitic  schist  which  has  been  mentioned 
before  (page  66)  as  forming  grindstone  and  Dryweed  islands. 
Here  a  few  quartz  lenses  occur,  but  they  have  not  yet  been  un- 
covered so  as  to  show  their  true  size  and  extent. 

The  surface  of  the  vein  at  the  shaft  is  rusted  and  more  or  less 
decayed,  but  this  condition  does  not  extend  downward  more 
than  four  to  six  inches,  except  along  cracks. 

TREATAfENT  OP  RAINY  LAKE  ORES. 
The  development  of  the  Rainy  Lake  region  has  not  been  suffi- 
cient to  furnish  data  on  which  to  base  a  statement  as  to  the 
best  method  of  treatment  tor  its  ores.  Conservative  and  busi- 
ness-like methods  and  principles  would  lead  investors  to  be  ab- 
solutely certain  that  ore  existed  in  quantity  sufficient  to  supply 
a  stamp  mill  for  a  few  years,  and  that  it  was  of  such  a  charac> 
acter.as  to  be  best  treated  iu  a  particular  kind  of  stamp  mill  be- 
fore risking  their  money  in  the  purchase  of  one.  And  in  order  to 
gain  such  information  it  would  be  necessary  to  sink  shafts  nu- 
merous enough  and  deep  enough  to  prove  the  quantity  and 
quality  of  the  ore.  The  mere  fact  that  four  or  five  stamp  mills 
have  been  built  for  use  iu  this  region  where  there  is  not  as  yet 
a  shaft  or  a  drill-hole  75  feet  deep,  is  in  itself  sufficient  proof 
that  the  mines  are  being  developed  by  parties  of  little  or  no  ex- 
perience in  the  mining  business.     There  can  be  only  one  result 
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of  such  hastj,  ill-advised  methods  of  procedure.  Some,  if  not 
all  of  the  companies  will  soon  find  themselves  financially  em- 
barassed.  The  money  which  should  have  been  spent  in  mine 
development  will  have  been  spent  for  machinery.  When  the 
stamp  mills  are  on,  the  ground  and  ready  for  operation  there 
will  be  no  ore  to  run  them  for  any  length  of  time,  and  not 
enough  development  in  the  mines  to  enable  them  to  produce 
what  the  mills  require.  Thus  the  mill  mast  be  shut  down  and 
the  public  will  say  it  was  because  there  was  no  gold  in  the  ore. 
The  stockholders  will  be  discoaraged  and  the  treasury  of  the 
company  will  be  depleted  without  means  of  replenishing  it  In 
other  cases  the  free  milling  ore  will  so  rapidly  pass  into  re- 
fractory ore  as  the  depth  of  the  mine  increases,  that  the  mill 
which  was  built  to  treat  the  surface  oxidized  ores  is  unable  to 
extract  the  gold  from  these  more  refractory  ores,  and  must  be 
discarded, — a  dead  loss  to  the  company — and  a  new  plant  pur- 
chased. All  of  these  things  will  exert  a  damaging  influence  on 
the  reputation  of  the  district  as  a  whole,  and  should  be  avoided 
if  possible.  In  a  new  district  double  precautions  should  be 
taken  to  insure  against  mistakes.  Two  or  three  shafts  each  100 
feet  deep  should  be  sunk  and  connected  with  levels  on  every 
property  before  a  stamp  mill  or  other  plant  is  purchased. 
Then,  with  the  mine  opened  up,  and  enough  ore  in  stock  to  run 
the  mill  for  six  months,  the  mine  will  have  a  bona  fide  value. 
No  difficulty  will  be  experienced  in  raising  money  to  buy  the 
machinery  needed.  No  hesitation  will  be  felt  as  to  what  pro- 
cess to  use.  No  trouble  will  be  had  in  keeping  the  mill  sup- 
plied with  ore.  The  experience  of  the  Lak&  of  the  Woods  dis- 
trict should  not  be  repeated  at  Bainy  lake,  but  that  is  just 
what  will  happen  if  matters  proceed  as  they  are  begun.  Too 
great  stress  cannot  l>e  laid  on  this  point.  The  old  adage  that 
"haste  makes  waste"  is  nowhere  better  exemplified  than  in 
matters  of  this  soyt.  For  the  good  of  the  pioneers,  who  de- 
serve  to  succeed  because  of  their  confidence  in  the  new  region, 
and  their  efforts  to  develop  it,  no  less  than  for  the  good  of  the 
district,  we  would  urge  upon  the  owners  of  prospects  to  "go 
slow"  and  develop  their  properties  before  ordering  expensive 
concentrating  and  metallurgical  plants. 

As  already  stated,  the  ore  which  occurs  within  fifty  feet  of 
the  surface  of  the  ground  at  Rainy  lake  is  free-milling,  and 
the  proportion  of  concentrates  will  not  exceed  10  per  cent 
How  much  this  percentage  will  be  increased  in  depth  is  uncer- 
tain, but  that  there  will  be  an  increase  is  to  be  expected.  With 
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five  or  ten  per  cent,  of  the  ore  going  into  the  concentrates  there 
will  be  required  facilities  for  treating  these  refractory  sul- 
phides on  the  spot.  The  expense  of  transportation  to  a  smelter 
and  the  high  smelter  charges  make  shipping  out  of  the  ques- 
tion. Some  method  of  treating  the  sulphurets  cheaply  at  the 
mine  or  on  the  lake  must  be  introduced. 

In  this  connection  the  description  of  barrel-chlorination  by 
the  Thiea  process  as  conducted  at  the  Haile  mine,  Lancester 
county.  South  Carolina,  is  of  interest,*  Working  on  a  large 
scale,  ore  which  assays  ^.  50  per  ton  on  an  average  and  contains 
10  per  cent  of  concentrates  is  treated  at  a  profit  by  this  process. 
The  value  of  the  roasted  concentrates  amounts  to  {30.00  per 
ton  and  the  cost  of  roasting  and  chlorination  is  said  to  be  14.62 
for  ti  tons  raw  pyrites.  After  thoroughly  roasting  the  sul- 
phurets the  roasted  material  is  placed  in  lead-lined  iron  cyl- 
inders 60"x42"  which  rotate  on  their  major  axes  20  times  per 
minute.  Chlorine  gas  generated  in  these  barrels  dissolves  the 
gold  in  from  4  to  8  hours,  and  it  is  then  precipitated  by  ferrous 
sulphate.  With  an  abundance  of  cheap  fuel  and  water  power  this 
process  might  be  practicably  introduced  in  the  Rainy  Lake  re- 
gion, and  operated  in  conjunction  with  stamp  mills  and  amal- 
gamation. 

SOME  OTHER  GOLD  MINES. 
In  reports  of  discoveries  of  gold  ore  in  new  regions  we  fre- 
quently read  references  to  the  wonderful  results  achieved  in 
treating  low  grade  ores  elsewhere  aiid  the  large  dividends  that 
some  celebrated  mines  are  regularly  paying.  Comparisons 
are  drawn  between  the  small  yield  of  gold  per  ton  in  these 
large  dividend- paying  properties  and  the  reported  average  of 
the  ore  in  the  newly  discovered  field,  and  it  is  usually  the  con- 
clusion drawn  from  such  comparison  that  if  one  mine  can  make 
a  regular  profit  out  of  three  or  four  dollar  ore,  any  other  mine 
ought  to  make  proportionately  greater  profit  out  of  eight  or 
ten  dollar  ore.  Such,  however,  is  not  the  case,  and  it  is  for 
the  sake  of  guarding  against  such  misleading  comparisons  that 
the  following  brief  description  of  some  of  these  famous  mines 
is  introduced  here.  Among  the  mines  thus  most  frequently 
referred  to  in  this  country  are  the  Homestake,  the  Alaska- 
Treadwell  and  the  Comstock. 

■  Trans.  Am,  Inst.  Hln.  Eng..  vol.  xlx,  p.  807. 
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Homeatake  mijie. 

The  Homestake  mine  is  located  in  the  Black  Hills,  near 
Deadwood,  South  Dakota.  The  ore  is  Dot  in  a  vein,  bat  rather 
in  a  "belt"  or  zone  of  slates  or  schists  containing  many  lenses 
and  shoots  of  ore,  consisting  of  quartz  impregnated  with  more 
or  less  pyrite.  This  "belt"  is  about  2,000  feet  in  thickness  and 
is  bounded  on  the  east  and  west  by  quartzytes.  The  age  of 
these  rocks  is  Archean,  corresponding  to  those  in  the  Rainy 
Lake  region;  and  the  gold  contained  in  them  was  partially 
introduced  prior  to  the  Potsdam  epoch  and  partially  at  some 
subsequent  period.  The  rock  seems  to  have  been  enriched  by 
the  influence  of  certain  intrusions  of  porphyry,  and  is  more 
productive  and  of  a  less  refractory  nature  near  these  intru- 
sions. The  ore  is  what  is  called  "free- milling,"  but  still  con- 
tains several  per  cent  of  pyrites  which  pass  into  the  concen- 
trates and  are  treated  by  some  metallurgical  process  for  the 
gold  they  contain.  ' 

At  the  several  properties  located  along  this  "belt"  there  are 
various  methods  of  mining  in  vogue.  Surface  ores  were  taken 
out  in  large  open  cuts,  but  at  present  most  of  the  mining  is 
underground  and  conducted  on  a  scale  of  great  magnitude. 
Immense  quantities  of  ore  are  mined  and  put  through  the 
stamps,  as  may  be  seen  by  an  inspection  of  the  annual  reports 
of  the  operating  companies.  Several  hundred  stamps  are  kept 
at  work,  pounding  out  from  two  to  four  tons  per  stamp  per 
diem.  The  average  yield  of  gold  per  ton  varies  from  82  to  $4, 
averaging  about  $3.87  in  the  Homestake  mine,  and  ¥2.42  In  the 
Deadwood-Terra  and  other  mines  where  porphyry  intrusions 
do  not  occur.  In  1888  the  cost  of  mining  at  the  Homestake 
was  $1.68  per  ton.  and  the  cost  of  milling  was  $0.83,  atotal  of 
$2.51.  The  yield  for  the  same  year  was  *3.71  per  ton,  leaving 
a  net  profit  of  $1.20.  (A.  I.  M.  E.,  xvii,  577.)  As  there  were 
mined  nearly  a  quarter  of  a  million  tons  of  ore.  the  total  profit 
was  a  handsome  one.  The  dividends  paid  by  the  Homestake 
company  from  1884  to  1892.  inclusive,  amount  to  $4,943,750. 

Alaska-Treadwell. 
Although  in  operation  but  a  few  years  the  Alaska-Treadwell 
mine  has  paid  its  owners  dividends  amounting  to  $2,225,000  up 
to  1894.  This  mine  is  situated  on  the  eastern  side  of  Douglas 
island,  on  the  coast  of  Alaska.  The  ore  deposit  consists  of  a 
mass  of  quartz  and  white  feldspar  of  medium  graia  and  pale 
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gray  color,  containiag  a  small  amount  of  calcite  and  impreg- 
nated throughout  with  small  crystals  of  iron  pyrites.  The 
thickness  of  the  ore  body  is  from  400  to  500  feet,  and  it  is 
bounded  on  the  northeast  and  southwest  by  dark  colored  argil- 
lytes  suppcsedly  of  Triassic  age.  Mr.  G.  M.  Dawson  sug- 
gests* that  "this  ore  body  is  the  upper  portion  or  feather 
edge  of  a  granitic  intrusion,  probably  contemporaneous  and 
connected  with  the  characteristic  granites  of  the  neighboring 
coast  ranges,  but  which,  owing  to  peculiar  conditions  has  be- 
come decomposed  and  siiicified  by  solfataric  or  hydrothermal 
action,  to  which  the  concentration  of  gold  in  it,  and  the  depo- 
sition of  pyrites  are  also  due." 

Since  1888  the  mine  has  operated  240  stamps  and  96  concen- 
trators which  have  milled  and  concentrated  500-700  tons  of  ore 
each  24  hours.  Although  largely  a  free  milling  proposition, 
there  are  several  per  cent,  of  concentrates  which  are  roasted 
and  chlorinated- 

The  cost  of  chlorination  in  189G  and  1891  amounted  to  22 
and  19  cents  respectively  per  ton  of  ore  milled.  The  cost  per 
ton  of  concentrates  treated  for  these  years  was  ?9.02  and  *7.6l 
respectively. 

The  average  total  cost  of  mining,  crushing,  amalgamating, 
retorting,  etc.,  in  1892  was  about  {1.50  per  ton,  on  an  average 
product  of  16,000  tons  of  this  ore  per  month  The  assay  value 
of  the  ore  is  only  about  $3.75  per  ton  and  yet  it  is  mined  and 
treated  so  economically  as  to  have  a  net  profit  of  nearly  12.00 
per  ton, 

Oomstock  lode. 

Differing  materially  in  the  character  of  ore  deposit,  enclos- 
ing rocks,  situation  and  product,  from  the  two  mines  just  men- 
tioned is  the  Comstock  lode,  the  largest  producer  the  world  has 
yet  seen.  The  contrast  i>etween  it  and  the  Homestake  mine  is 
illustrative  of  the  very  point  which  we  seek  to  emphasize,  viz.. 
that  location,  nature  of  the  ore  and  costof  treatment  have  more 
to  do  with  the  question  of  profit  and  loss  than'the  assay  value 
of  the  ore  itself. 

The  Comstock  lode  consists  of  wide,  gently  dipping  masses 
of  crushed  and  decomposed  country  rocte  cemented  together 
and  filled  up  by  saccharoidal  granular  quartz  and  some  calcite 
in  all  of  which  the  ore  is  very  finely  disseminated.     Enclosed 
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roofing  slates,  exist  in  the  Keewatin  rocks.  The  numerous 
limestone  fragments  found  in  the  clays  along  the  banks  of  the 
Rainy  river  have  sometimes  been  burned  for  lime  by  the  set- 
tlers. The  clays  lo  the  west  of  Rainy  lake  contain  beds  which 
will  evidently  make  good  bricks,  and  some  of  the  beds  will 
probably  be  found  to  possess  the  characteristics  necessary  for 
some  kinds  of  pottery. 

Coal  has  been  reported  a  number  of  times  from  the  banks  of 
the  Big  Pork  and  Little  Fork  rivers,  which  are  in  Itasca  county 
and  southwest  of  Rainy  lake.  This  coal  occurs  in  the  form  of 
lignite  in  the  Cretaceous  shales,  which  are  known  to  outcrop  in 
places  along  these  rivers,  and  it  is  probable  that  rocks  of  this 
age  ezist,  although  usually  buried  under  a  considerable  thick- 
ness of  glacial  drift,  in  most  of  Itasca  county  and  the  counties 
to  the  west.  On  account  of  the  discovery  and  recent  develop- 
ment of  lignite  beds  in  the  vicinity  of  Redwood  Falls,  it  is 
thought  best  to  call  attention  to  the  possibility  of  the  existence 
of  similar  beds  in  the  region  to  the  southwest  of  Rainy  lake. 
This  lignite  in  Minnesota  does  not  seem  destined  to  be  of  any 
great  value,  but  possibly  some  of  it  may  prove  of  local  impor- 
tance. In  this  connection  we  quote  the  statements  made  in 
reference  to  coal  in  Minnesota  by  the  senior  author  of  this  re- 
port some  two  years  since: 

The  opinion  of  the  state  ffeoloKist  and  the  writer  has  been  frequuttly 
expressed  that  the  ualy  coal  of  aoy  sort  Id  the  northerD  part  ot  the  state 
jbId  thin  geams  of  brown  coat,  occurring  la  Cretaceous  shales,  which  were 
fouDd  Id  patches  on  the  Little  Fork  river  by  tbc  writer  In  1887.  This 
coal  Is  not  of  good  quality  and  the  discovery  of  large  amouute  Id  thick 
beds  would  notbeof  such  great  Importance  as  the  oewspapers  would  bare 
us  believe. 

At  the  same  time,  lignite  Is  used  to  a  considerable  extent  in  treeless  re- 
gions as  fuel  for  ordinary  heating  and  cooking  purposes.  In  Texas  and 
Dakota  such  coal  is  mined  in  considerable  quantities.  Grates  of  a  pecu- 
liar pattern  are  devised  in  which  to  burn  this  coal  and  It  plays  quite  an 
Iroportant  part  in  tbe  domestic  economy  of  those  regions.  It  is  used  In 
the  form  of  briquettes  in  Germany.  These  briquettes  are  made  by  drying 
the  brown  coal  until  the  water  it  contains  is  nearly  all  driven  off  and 
then  subjecting  the  mass  to  a  pressure  of  fifteen  hundred  to  two  Ibous- 
and  atmospheres.  The  resulting  briquette  Is  elliptical  in  form,  about 
six  Inches  long  and  one  Inch  thick.  It  is  so  hard  that  it  will  not  absorb 
water  even  though  laid  in  water  for  some  time.  The  coal  Is  too  fine- 
grained and  not  compact  enough  to  use  in  blast  furnace  practice.  It  tbi$ 
brawn  coal  should  be  found  dehydrated  and  consolidated  by  heat  or  pres- 
sure consequent  on  eruptions  or  excessive  faulting  in  the  rocks,  11  would 
have  a  much  greater  value.  It  is  not  Impossible  that  such  depnslts  may 
be  found  in  some  of  the  large  areas  northwest  of  Duluth  as  yet  but  little 
explored  by  the  geological  survey.    It  Isqulte  desirable  that  some  further 
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examinaltOD  bu  made  of  tb^  region  Id  coDoectloii  with-more  thorough 
8Dd  carerul  mapplog  of  the  rocks  of  the  Mesabt  raoKe-  The  value  of 
good  coal  d  poslU  caooot  be  overestimated,  and  if  we  bave  such  la  Mid- 
□esota  tbe  sooner  we  know  It  the  better.* 

Timber. 

The  usual  white  and  Norway  pines  are  found  throufihout  this 
entire  region,  but  not  always  of  sufficient  size  to  pay  for  cat- 
ting. Yet,  there  are  many  places  along  the  shores  of  Rainy 
lake  and  the  adjoining  bodies  of  water  where  there  are  groves 
of  good  sized  pines;  and  many  scattered  areas  of  timber  exist 
in  the  vicinity  of  the  Big  Fork  and  Little  Pork  rivers.  Some 
of  the  pine  has  already  been  cut  and  taken  to  Rat  Poctage,  but 
much  remains  to  be  cut  as  soon  as  the  demand  for  lumber  in 
this  district  increases.  A  saw  mill  was  in  operation  near  Rainy 
Lake  City  during  tbe  last  summer  and  two  or  three  others  on 
Rainy  river. 

In  hardwood  timber  the  white  birch,  which  occurs  through- 
out the  region  and  which  often  reaches  a  size  suitable  for  lum-' 
ber,  may  be  mentioned;  oak  and  elm  of  good  size  occur  in  the 
flat  clayey  district  just  to  the  west  of  Rainy  lake. 

The  numerous  swampy  tracts  of  this  part  of  the  state  are 
often  covered  by  a  dense  growth  of  excellent  spruce  timber. 
This  is  used  in  large  amounts  in  the  manufacture  of  pulp  and 
paper,  and,  as  the  more  southern  regions  are  being  rapidly 
devastated  of  their  timber,  the  spruce  of  northern  Minnesqta 
will  soon  become  exceedingly  valuable;  growing  as  it  does  in 
the  lower  and  damper  grounds  it  is  not  so  subject  to  destruc- 
tion by  forest  flres  as  the  pine. 

Agriculture. 
The  plain  of  clays  which  extends  westward  and  southward 
from  Rainy  lake  is  destined  to  support  a  large  farming  popu- 
lation. As  already  mentioned  these  clays  were  deposited  in 
the  glacial  lake  Agassiz  and  are  thus  of  similar  origin  to  the 
subsoil  of  large  parts  of  the  Red  River  valley.  Above  this 
subso.il  is  a  considerable  thickness  of  black  loam.  This  land 
naturally  supports  a  luxuriant  growth  of  vegetation,  and, 
where  it  has  been  cleared  and  cultivated,  as  in  many  places 
along  tbe  Canadian  shore  of  the  Rainy  river,  it  has  been  found 
to  yield  large  crops.  Most  all  of  the  usual  produce,  excepting 
yellow  dent  com,  have  been  successfully  grown  in  this  district; 
and  especially  large  returns  have  been  made  in  oats,  wheat. 
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potatoes,  cabbages,  turnips  and  hay. ,  There  are  large  tracts 
of  land  south  of  the  Rainy  river,  which  are  as  yet  unsettled 
and  which  are  unexcelled  for  agricultural  purposes  by  other 
land  in  the  state.  As  is  usual  in  a  new  mining  country  the 
farming  interests  are  neglected  at  first,  but  in  the  Rainy 
Lake  district  there  is  no  reason  why  this  should  continue  so,  as 
the  conditions  for  making  farming  a  profitable  business  are 
here  so  favorable. 

The  following  quotation  from  Dr.  A.  C.  Lawson's  report  on 
the  geology  of  the  Rainy  Lake  region*  is  strong  testimony  as 
to  the  adaptability  of  the  soil  and  climate  of  the  region  for  the 
support  of  a  dense  population: 

Agriculture  is  perbapa  -the  most  promising  o!  the  ecoaomic  prospects  oC 
the  regloD.  Rainy  rfver  from  Its  source  at  Coutchiching  to  Hungrr 
Hall,  flows  for  eighty  miles  through  a  rich  alluvial  plalu,  which,  so  far  as 
can  be  judged  Trora  the  banks  of  the  river,  is  eminently  adapted  to  sup- 
port a  large  agricultural  population.  Travelers  and  explorers  vie  with 
one  another  In  praising  the  beau  lies  of  the  river  and  its  capabilities  for 
settlement.  Mr,  S.  J.  Dawson  in  his  "Report  on  the  ezpIoratioD  of  the 
country  between  lake  Superior  and  the  Red  river  settlement"  says  of  H, 
"The  distance  from  Rainy  lake  to  the  Lake  of  the  Woods,  followiag 
the  windings  of  the  stream.  Is  about  eighty  miles,  and  throughout  the 
whole  of  this  extent  the  land  fronting  on  the  river  Isfltfor  settlemeol 
without,  I  may  say,  a  single  break;  Indeed,  I  have  never  seen  anythlDg 
to  equal  it  In  myexperience,  except  at  Swan  riverand  on  the  Assinlbolae." 
•  •  •  •  Prof.  H.  Y.  Hind  in  his  account  of  the  country  exam- 
ined by  the  same  expedition  says:  "No  part  of  the  country  through 
which  we  have  passed  from  lake  Superior  northwards  can  bear  compari- 
son with  the  rich  banks  of  the  Ratny  river  thus  far.  The  river  has  pre- 
served a  very  untrorni  breadth,  varying  only  from  about  200  to  300  yards. 
The  soil  is  a  sandy  loam  at  the  surface,  much  mixed  with  v^etable  mat- 
ter. Occasionally,  where  the  baok  has  recently  fallen  away,  the  clay  is 
seen  strattfled  in  layers  of  about  two  inchei)  Id  thickness,  followlog  in  all 
respects  the  contour  of  what  seems  to  be  unstratifled  drift  clay  below, 
Basswood  is  not  uQCommon,  and  sturdy  oaks,  whose  trunks  are  from 
eighteen  inches  to  two  feet  in  diameter,  are  seen  in  open  groves,  with 
luxuTlant  grasses  and  climbing  plants  growing  beneath  them." 

A  more  recent  authority  Is  Mr.  J.  O.  Bolger,  F.  L.  S.,  who  explored  the 
region  in  the  summer  of  1886  (or  the  department  of  Crown  I^ads  of  On- 
tario, with  the  special  object  of  ascertaining  Its  fltness  for  settlement. 
His  description  and  opinions  are  more  valuable  than  the  preceding  and 
are  even  more  optimistic.  He  says:  "I  first  encountered  guod  laodat  tbe 
point  where  the  forty-nlnlh  parallel  or  the  first  base  strikes  Lake  of 
the  Woods,  and  following  up  Little  Grassy  river,  which  empties  iniotJie 
lake  a  couple  of  mites  south  of  this  point,  I  found,  from  traveling  Id  evefT 
direction,  that  the  block  of  four  townships  composed  of  townships  one 
and  two  south,  ran^s  twenty-three  and  twenty-four  east,  contains* 
large  percentage  of  the  finest  land  I  have  ever  seen,  and  the  same  deecrip- 
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tlOD  applies  to  the  block  of  land  lying  westward  between  tbese  townsbips 
and  the  Lake  of  the  Woods.  Little  Grassy  river  Is  navigable  for  canoes 
for  a  distance  of  about  eight  miles  from  its  mouth  and  the  land  on  the 
shore  1b  all  good,  being  composed  of  a  rich  calcareous  drift  formation 
equal  to  any  soil  in  the  best  ^ricultural  districts  of  Ontario. 

The  timber  along  the  river  Is  chiefly  large,  thrifty  poplar,  mixed  with 
some  scattering  oak  and  swamp  elm,  and  some  evergreens,  sucb  as  bal- 
sam and  spruce;  Inland,  the  timber  changes  in  character  somewhat  from 
that  along  the  ri  vershore  as  large  balm  of  Gllead,  spruce,  balsam  and  tam- 
erac  are  met  with  more  frequently  and  the  nice  open  bush  which  prevails 
along  the  river  banks  is  changed  for  a  tangled,  brushy  undei^rowth;  hut 
the  character  of  the  soil  remains  the  same.  Tamarac  and  spruce  swamps 
occur  frequently  In  this  section  of  the  country,  as  Is  the  case  all  through 
this  large  level  area  of  good  land  which  lies  along  the  banks  of  Rainy 
river.  These  swamps  were  all  perfectly  dry  this  summer,  and  are  all  cap- 
able of  being  made  Into  excellent  land  by  drainage,  as  they  lie  nearly  as 
high  as  the  surrounding  dry  lands,  and  only  require  proper  ditching  to 
take  the  surface  water  off  In  wet  seasons.  The  extreme  levelneaa  of  the 
country  causes  the  presence  of  so  much  swamp  land  here,  as  the  surface 
water  has  no  means  of  escaping  from  the  low-lying  portions,  and,  conse- 
quently, the  growth  of  moss  and  swamp  timber  Is  eugendered.  I  noticed 
that  in  most  cases  the  beds  of  the  little  streams  are  deep  enough  to  form 
outlets  for  ditches  and  drains,  and  tbese  creek  beds  are  usually  so  numer- 
ous that  to  drain  any  swamp  no  very  long  ditches  would  be  required;  in 
nearly  alt  the  swamps  through  which  I  passed  I  observed  the  soil  to  be  a 
black  vegetable  mould,  varying  in  depth  from  one  to  three  feet,  and  al- 
ways underlaid  by  the  same  calcareous  clay  alluded  to.  I  seldom  met 
the  muskeg  proper,  that  Is  to  say,  the  wet,  shaky  bog  in  which  water  Is 
present  at  all  seasons  of  the  year,  and  which  grows  nothing  hut  dwarf 
spruce  and  moss.  I  then  paddled  up  Balny  river,  and  on  both  shores  I 
found  the  same  kind  ot  country  as  I  have  described  as  being  in  the  vi- 
cinity of  Grassy  river,  and,  as  there,  a  good  number  of  settlers  along  the 
river  on  the  Canadian  side.  I  had  an  opportunity  to  observe  the  soil  while 
under  cultivation,  and  to  see  the  kind  of  croxis  it  Is  capable  of  raising. 

The  soil  I  found  to  be  most  excellent  in  character,  calcareous  clay  over- 
laid by  a  thin  streak  of  whitish  fine  earth  about  six  Inches  in  thickness, 
and  this  again  covered  with  a  coating  of  vegetable  mould;  and  these  three 
mixed  up  together  In  the  working  ot  the  land  form'  a  soil  which  cannot 
be  excelled  in  any  part  of  the  Dominion.  I  saw  along  the  river  crops  of 
potatoes,  turnips,  hay,  oats,  wheat,  corn,  tomatoes  and  cabbage,  ail  grown 
to  perfection  this  season,  which  shows  that  the  climate,  as  well  as  the 
soil,  is  suitable  to  successful  farming,  especially  when  tomatoes  ripen,  as 
they  certainly  did  this  year,  as  well  as  I  ever  saw  them  ripen  in  the  vi- 
cinity of  Lake  Ontario.       •       •       •       • 

"The  timber  is  chiefly  poplar,  which  grows  to  a  great  size;  I  have  seen 
trees  over  eighteen  inches  across  the  stump,  and  sixty  feet  long  clear  of 
the  limbs.  Balm  of  Gllead,  too,  prevails  la  seme  sections,  while  spruce, 
tamarac  and  balsam  of  thrifty  growth  are  everywhere  met  with.  In 
some  places  magniflcent  cedar  abounds,  large  enough  for  tel^raph  poles, 
shingle  bolts  or  any  other  use  to  which  cedar  is  applied;  there  are  some 
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groves  of  ploe  tbrough  this  aectlon,  but  it  canoot  be  called  a  pine  coun- 
try, that  Is  OD  thin  drift  formatloD." 

Such  testimoDy  as  to  the  character  and  value  of  the  laud  tbrough 
which  Baiuy  Biver  flows,  leaves  little  for  me  to  say  beyond  eipreaslng 
my  entire  concurrence  Id  the  opiolons  quoted  as  to  the  great  suitability 
of  the  country  for  settlement  and  agriculture.  Settlers  are  going  In 
gradually  and  there  are  some  excellent  farms  along  the  river  front.  *  * 
*  *  Tbe  river  afFords  an  easy  means  of  access,  and  the  levelneas  of  the 
country  renders  roada'easy  to  build. 

This  agricultural  district  is  not  confined  to  a  narrow  belt  of 
land  along  the  river,  but  has,  in  Minnesota,  an  approximate 
area  of  5,000  squajre'^miles,  between  Bainy  lake  and  the  Red 
River  of  the  North  and  south  of  Rainy  river.  Over  this  area 
the  annual  rainfall  varies  from  33  inches  at  Rainy  lake  to  17 
inches  at  St  Vincent.  The  absence  of  hills,  rock  outcrops  and 
even  of  boulders,  is  remarkable,  and  the  land  is  nearly  all  tim- 
bered. In  short  all  the  qualifications  necessary  for  a  habitable 
region  are  found  in  this  hitherto  overlooked  portion  of  our 
great  state.  It  will  not  be  surprising  to  see  in  the  Bainy 
River  valley  as  dense  a  population  as  is  supported  by  any  equal 
area  in  Minnesota. 

Miscellaneous  resources. 

As  has  already  been  stated  in  the  description  of  the  physical 
features  of  the  district,  there  are  waterfalls  at  the  outlets  of 
many  of  the  lakes.  Some  of  these  streams  are  of  considerable 
size,  and  their  accessible  power  would  be  eagerly  sought  after 
if  located  in  the  well  settled  eastern  states.  By  far  the  largest 
water  power  in  the  district  is  that  of  the  Koochiching  falls. 
Here  the  Rainy  river  descends  from  twenty-one  to  twenty-four 
and  a  half  feet,  the  amount  of  fall  varying  with  the  stage  of 
the  water.  It  has  been  estimated  that  there  are  12,000  cubic 
feet  of  water  flowing  over  this  fall  every  second,  and  the  power 
here  generated  averages  30,000  horse  power,  with  a  probable 
minimum  of  20,000  horse  power.  This  is  thus  seen  to  be  by 
far  the  largest  water  power  in  the  state,  much  exceeding  that 
at  the  falls  of  St.  Anthony.  A  dam  of  from  five  to  ten  feet  at 
the  head  of  these  falls,  would  increase  the  height  of  the  falls 
as  many  feet,  and  would  also  raise  the  level  of  Rainy  lake  from 
two  to  seven  feet,  thus  furnishing  an  immense  mill-pond  with 
an  enormous  supply  of  water  for  use  in  times  of  low  water  in 
the  river.  The  value  of  this  water  power  as  an  aid  in  the  de 
velopment  of  this  part  of  the  state  cannot  be  overestimated. 

Ck>nsiderable  trapping  is  done  in  the  winter  in  this  section  of 
the  country,  and  the  trade  in  furs  has  been  an  important  busi- 
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tiess  ever  since  the  establishment  of  the  Hudson  Bay  company, 
which  still  has  a  store  at  Fort  Frances.  Many  of  the  inland 
lakes  abound  in  white  fish  and  lake  tront  and  the  catching  and 
shipping  of  these  will  fnrnish  Hvetihood  for  a  considerable 
population  as  soon  as  there  are  better  facilities  for  transport- 
ing the  fish  to  market. 

Summary. 
It  is  only  necessary  here  to  emphasize  the  fact  that  in  the 
Bainy  Lake  district  there  are  many  natural  resources,  aside 
from  the  gold-ttearing  veins,  which  have  not  yet  been  devel- 
oped and  which  would  make  the  district  an  important  one  even 
if  it  contained  no  gold.  We  wish  especially  to  call  attention 
to  four  of  these  natural  resources  which  seem  destined  to  make 
this  district  develop  with  rapidity:  1,  the  excellent  farming 
lands;  2,  the  large  bodies  of  standing  timber  suitable  for  man- 
ufacture into  lumber  and  paper;  3,  the  large  water  power;  and 
4.  the  possibility  of  the  existence  of  valuable  deposits  of  iron 
ore. 

II.      ROUTES  OF  TSAVEL  TO  RAINY   LAKE. 

At  present  there  is  no  railroad  running  into  the  Bainy  Lake 
region,  the  nearest  station  bein^  Tower,  on  the  Duluth  and 
Iron  Range  R.  R.,  seventy  miles  in  a  direct  line  southeast  of 
Rainy  Lake  City.  It  is  understood  that  several  roads  are  con- 
sidering the  advisability  of  extending  branches  into  this  region, 
and  it  seems  probable  that  the  summer  of  1895  will  witness  the 
commencement  of  active  preparations  along  these  lines. 

There  are  three  principal  routes  by  which  Rainy  lake  may 
be  reached,  during  the  summer  season,  as  follows : 

1.  A  regular  passenger  train  on  the  Duluth  and  Iron  Range 
R.  R.  leaves  Duluth  at  about  3  P.  M.  and  arrives  at  Tower  (^e 
same  evening.  The  next  morning  a  steamboat  may  be  taken 
from  Tower  to  the  outlet  of  Vermilion  lake,  and  from  here  a 
stage  ride  of  twenty-six  miles  brings  one  to  Crane  laka  A 
tug  takes  passengers  from  this  point  about  twenty  eight  miles 
to  Kettle  falls,  and  from  here  other  boats  run  to  Rainy  Lake 
City,  Koochiching  and  Pt.  Frances.  Prom  each  of  these  towns 
all  parts  of  Rainy  lake  may  be  reached  by  steamer  or  canoe. 
The  trip  can  be  made  in  two  days,  or  less,  from  Tower.  This 
route  is  the  shortest  and  quickest  for  those  who  are  in  easy 
rail  communication  with  Duluth,  and  it  has  been  the  route 
most  frequented  during  the  last  summer. 
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2.  The  second  route  runs  over  the  Great  Northern  R.  R.  to 
Winnipeg  and  from  there  via  the  Canadian  Pacific  R.  R.  to  Eat 
Portage  at  the  north  end  of  Lake  of  the  Woods.  Prom  this 
point  steamboats  may  be  taken  through  Lake  of  the  Woods 
and  up  the  Rainy  river  to  Ft.  Prances  and  Koochiching.  This 
is  the  most  comfortable  route,  as  the  boats  running  from  Rat 
Portage  are  larger  and  better  equipped  than  those  on  the 
Tower  route;  but  it  is  more  expensive  and  takes  more  time 
than  the  latter  route. 

8.  The  Canadian  Pacific  R.  R.  during  the  last  summer  sold 
tickets  from  Dulnth  to  Port  Arthur  by  steamer,  and  from  the 
latter  point  to  Rat  Portage  by  rail.  Prom  Rat  Portage  the 
rest  of  trip  was  made  as  indicated  above. 

Persons  visiting  Rainy  lake  will  frequently  find  it  advisable 
to  purchase  a  small  camping  outfit  and  a  canoe  aud  to  engage 
a  guide  or  woodsman,  either  a  white  man  or  an  Indian.  A 
person  thus  equipped  can  travel  anywhere  in  the  region;  in 
fact  it  is  only  by  means  of  canoes  that  large  tracts  of  the 
Rainy  Lake  district  and  of  northeastern  Minnesota  are  visited 
ataU. 

During  the  winter  Rainy  lake  can  be  easily  reached  from 
Tower,  Mountain  Iron,  Hibbing  or  Grand  Rapids  by  team. 

To  anyone  contemplating  a  short  outing  we  heartily  recom- 
mend a  trip  to  the  Rainy  Lake  region  and  through  the  ever- 
green forests  of  northeastern  Minnesota  and  its  crystal  lakes, 
teeming  with  white  fish,  pickerel,  wall-eyed  pike,  bass  and 
lake  trout.  The  expenses  of  such  a  trip  are  comparatively 
small.  Two  persons,  who  are  accustomed  to  canoeing,  can 
start  from  Duluth,  spend  two  weeks  in  going  from  Tower  to 
Rainy  lake  and  back  again,  largely  or  entirely  by  canoe,  and 
can  return  to  Duluth  for  an  expense  of  twenty- five  dollars  each, 
including  canoe,  railroad  fare  and  provisions  for  the  entire 
trip.  The  most  agreeable  time  of  year  to  visit  this  region, 
either  for  purposes  of  exploration  or  pleasure,  is  during 
August,  September  and  October.  Usually  after  the  first  of 
August  the  insect  pests  of  the  region,  mosquitoes,  blackflies 
and  sand  flies,  are  sufficiently  reduced  in  numbers  to  render 
life  in  the  woods  pleasant  and  even  delightful.  And  in  Sep- 
tember and  October  the  larder  may  be  abundantly  suppliod 
with  game. 


D,qit,zeabvG00»^lc 


STATE  GEOLOGIST.  101 

Only  two  maps  of  the  Rainy  Lake  region,  which  are  large 
enough  for  convenient  use  in  exploration,  have  been  pablished. 
The  first  of  these  is  'the  "Rainy  Lake  Sheet"  of  the  district  of 
Rainy  River,  published  by  the  Geological  and  Natural  History 
Survey  of  Canada;  it  accompanies  the  report  on  this  region  by 
A.  C.  Lawson.*  and  can  be  obtained  from  the  Geological  Sur- 
vey, Ottawa,  Ontario.  This  map  is  ou  a  scale  of  four  miles  to 
one  inch,  and  on  it  the  various  rock  formations  are  designated 
by  different  colors.  It  shows  the  Minnesota  shores  of  Rainy 
lake  and  considerable  territory  to  the  north  and  west  of  the 
lake;  the  outlines  of  the  bodies  of  water  in  Canadian  territory 
are  much  more  accurately  represented  than  on  any  other  map. 

The  second  map  is  entitled  "Map  of  the  Rainy  Lake  gold 
district  from  Ft.  Francis  to  Kettle  falls,"  is  published  by  Pat- 
ton  &  Prank,  Duluth,  and  is  sold  at  fifty  cents  a  copy.  This  is 
on  a  scale  of  one  mile  to  one  inch.  It  shows  the  shores  of  Ka- 
betogama  lake,  the  Minnesota  shores  of  Rainy  lake,  and  the 
subdivisions  of  the  sections,  as  accurately  as  do  the  govern- 
ment township  plats;  but  the  Canadian  shores  of  Rainy  lake 
are  necessarily  less  accurately  shown. 

It  is  hoped  that  the  map  ( plate  i )  which  accompanies  this  re- 
port will  prove  useful.  The  scale  is  three  miles  to  one  inch. 
It  shows  the  different  rook  formations,  the  positions  of  the  vil- 
lages which  have  recently  sprung  up  in  this  region,  and  also 
the  more  important  mining  locations. 

OTHER  REPORTS  OF  GOLD  IN  MINNESOTA. 

Very  few  months  pass  in  which  there  is  not  some  report  in 
the  newspapers  of  gold  discoveries  somewhere  in  Minnesota. 
Prom  one  end  of  the  state  to  the  other,  in  all  kinds  of  situa- 
tions and  under  various  possible  and  impossible  conditions 
these  discoveries  have  from  time  to  time  been  reported.  Most 
of  them  fail  to  arouse  any  general  interest  and  are  soon  forgot- 
ten. But  in  some  instances  the  fact  of  some  real  basis  for  the 
reports,  or  the  persistence  and  deceptive  misrepresentations 
of  mining  swindlers  keep  the  rumors  alive  until  the  public  is 
actually  deceived  and  led  to  "take  some  stock"  in  them. 

It  is  a  fact  that  gold  is  widely  disseminated  in  nature,  and 
that  it  may  be  found  in  smalL  quantities  in  the  sand  and  gravel 
deposits  of  the  river  beds  and  lake  basins  of  the  state.    But 


*KQportOn  the  BSOlogyot  the  Balny  Lake  region;  Geol.  and  Nat.  Hist.  Sur 
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this  is  in  such  minate  guaDtities  and  iu  such  a  fine  state  of  di- 
vision that  it  is  seldom  noticed  and  is  rarely  the  cause  of  any 
of  these  unfounded  rumors.  Rusty  mica,  either  in  the  sand  of 
creek  beds  or  in  rotten  granite  boulders,  is  most  frequently 
mistaken  for  gold  by  the  uninformed.  Almost  every  week 
samples  of  this  stuff  are  sent  in  for  examination,  and  the  send- 
ers are  usually  very  loth  to  believe  that  the  shiny  particles 
have  no  value  whatever.  When  unprincipled  individuals  make 
such  discoveries,  or  find  quartz  veins,  no  matter  how  barren, 
particularly  in  a  farming  community,  they  sometimes  make  a 
pretense  of  starting  mining  operations,  and  succeed  in  selling 
considerable  amounts  of  stock  or  land  at  infiated  and  fictitious 
valuations. 

I.       REDWOOD   FALLS    "GOLDMINE." 

A  good  illustration  of  this  class  of  mining  operations  is  fur- 
nished by  those  of  the  Minnesota  Gold  Mining  and  Refining 
company.  For  several  months  this  corporation  furnished  re- 
ports to  the  daily  papers  of  the  wonderful  gold  quartz  found 
in  the  Minnesota  River  valley  near  Redwood  Falls,  or  more 
properly  spealdng,  near  Delhi,  about  eight  miles  from  Red- 
wood Falls.  These  news  items  recorded  the  progress  of  ex- 
plorations at  the  "mine"  owned  by  this  company.  Shafts  were 
being  sunk;  ore  was  being  taken  out,  and  sent  away  to  be  as- 
sayed and  even  in  car  tots  to  be  treated;  stamp  mills  were  or- 
dered, an  electric  light  plant  was  to  be  erected;  a  village  was 
projected;  and  an  electric  road  was  talked  of,  to  accommodate 
the  miners  who  would  wish  to  go  to  and  fro  between  the  '  "mine" 
and  Redwood  Falls. 

The  corporation  was  organized  with  a  capital  stock  of 
1500,000  in  shares  of  ¥10  each,  and  stock  was  offered  for  sale 
at  16  per  share,  a  valuation  of  ^00,000  for  the  property.  The 
officers  of  the  company  were  active  in  disposing  of  this  stock, 
and  represented  their  ore  to  have  a  value  of  ^0  to  $95  per  ton; 
saying  also  that  single  assays  had  given  results  as  high  as 
$2,960  per  ton.  Finding  that  many  citizens  of  the  state,  who 
could  ill  afford  to  throw  away  any  money,  were  likely  to  invest 
in  this  stock,  one  of  the  writers  made  a  visit  to  the  "mine"  and 
took  samples  of  the  rock  for  assay. 

The  developments  were  rather  disappointing  to  one  who  had 
read  the  newspaper  stories.  Situated  in  the  Minnesota  River 
valley,  but  a  few  feet  above  the  water,  was  a  test  pit  less  than 
20  feet  deep.     This  was  the  "mine."    The  "plant"  consisted 
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of  a  board  shanty,  a  windlass  and  two  buckets.  The  lar^ 
force  of  men  for  whose  convenience  an  electric  road  was  to  be 
built  eight  miles,  consisted  of  five  laborers.  The  vein  was 
barren  quartz  in  a  ledge  of  granitoid  gaeiss,  altogether  of  most 
unpromising  appuaranca  Upon  assaying  the  samples  pro- 
cured,* no  gold  or  silver  was  fonnd.  These  facts  were  at  once 
given  to  a  Minneapolis  newspaper  and  published,  togetlier 
with  other  items  of  a  confirmatory  nature,  resulting  in  a  sus- 
pension of  operations  at  the  "mine"  and  a  rapid  decline  of  the 
market  price  of  this  worthless  stock.  Similar  swindles  may 
again  b«  inaugurated,  and  more  successfully  carried  out.  It 
would  appear  wise  to  have  so  meprecaution  taken  by  the  State 
against  them.  If  it  were  made  the  duty  of  some  state  ofiBcer 
to  inspect  all  reported  discoveries  of  valuable  mineral  deposits 
and  publish  his  opinion  of  them,  those  who  were  unlearned  in 
such  matters  might  be  saved  many  losses,  and  the  reputation 
of  the  community  would  not  be  so  often  stained  by  such  trana- 
actions,  t 

II.      GOLD  NEAR  ELY. 

Of  an  entirely  different  character  from  the  foregoing  is  the 
reported  discovery  of  gold  on  lot  6,  section  30,  T.  63-12,  near 
Ely,  Minnesota.  Indeed  it  has  been  Imown  for  some  years 
that  gold  occurs  in  quartz  veins,  between  Tbwer  and  Ely. 
Mention  was  made  of  the  fact  in  the  geological  report  for  1889 
and  assays  were  reported  of  samples,  taken  by  members  of 
the  geological  survey  corps,  showing  gold  to  the  amount  of 
a  dollar  per  ton.|: 

On  Oct.  14,  1894,  the  first  blast  was  fired  in  the  above  men- 
tioned property  and  assays  of  the  ore  thrown  out  from  the 
exploring  shafts  have  been  made  by  many  different  chemists, 
nearly  all  of  whom  found  some  gold  and  silver.  The  vein  has 
a  width  of  live  or  six  feet,  strikes  about  northeast  and  south- 

*Thlii  away  was  mtAo  by  Sharpleis  aud  Winotaell. 

tit  should  tilao  be  stated  that  the  tolstlog  of  saoh  mining  schemes  upon  the  pub- 
lioroi*  th«  purpose  of  stocli-selltng  is  DOt&lwajrsdueto  the  1gnoranceorthafr«udu- 
leiil  designs  of  the  owners,  Itnot  lufreqaenll?  haDpens  In  UloneBOta,  as  Id  Arhaa- 
■Bs  and  Georgia,  that  aasayers  are  more  Rallty  than  the  active  promoters.  The 
writer  baa  knowledge  of  BB»eral  such  criminal  acts  on  the  part  ot  aaaayers  In  Minne- 
sota. Tbere  Is  a,  strong  temntatlon  tu  magnify  the  fNTorablB  results  of  asanyB.  The 
oapidlty  of  the  owner  onoe  aroused,  he  eaally  enlists  several  of  his  friends.  The 
assayer's  basluesB  Is  Increased  by  the  spreading  reports  and  he  may  keep  the  craie 
going  for  several  months  or  years  by  a  judicious  distribution  of  his  false  returns. 
The  Stale  of  Ulnnesota  to-day  Is  cursed  by  the  practices  of  a  tew  such  aasi 
against  whom  there  should  be  some  law  as  rigorous  as  against  quook  dootors. 

N,  H.V 

t  ISth  Ann.  Report,  HInn.  Oeol.  Sur..  pp.  10.  21.  1S80. 
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west,  and  has  a  vertical  dip.  It  is  said  to  be  a  contact  vein 
between  syenite  on  the  northwest  and  greenstone  on  the  south- 
east. This  vein  has  not  been  seen  by  us,  but  samples  from  it 
which  we  have  examined  show  a  quartz  fairly  well  mineralized 
with  pyrite  and  galena,  and  somewhat  mixed  with  wall  rock. 
Situated  close  to  the  Daluth  and  Iron  Range  railway  and  is 
other  respects  well  located  for  economical  development  and 
operation,  a  low  grade  ore  could  be  profitably  worked  here 
provided  it  occurs  in  sufScient  qnantity.  This  can  be  deter- 
mined by  further  exploration.  The. owners  of  this  property 
are  C.  0.  Prindle,  A.  W.  Button,  B,  E.  Wells  and  Ed.  Mcintosh, 
.  of  Dulath. 

Work  of  exploration  is  being  prosecuted  on  the  same  vein  in 
sec.  25,  T.  63-18.  under  the  direction  of  Morris  Thomas,  of 
DulTith. 

CONCLUSION. 

Concisely  stated,  the  facts  described  in  the  foregoing  pages 
lead  to  the  following  conclusions:  There  is  gold  in  quartz 
veins  in  the  vicinity  of  Kainy  lake.  As  yet  the  development 
is  insufficient  to  warrant  the  positive  assertion  that  profitable 
gold  mining  operations  can  be  conducted  there;  but  in  certain 
localities  the  prospects  are  full  of  encouragement  and  promise 
to  the  conservative  operator. 

The  best  portion  of  .the  district  for  gold,  so  far  as  at  present 
developed,  and  as  indicated  by  the  appearance  and  nature  of 
the  veins  and  the  geological  conditions  surrounding  them,  is 
not  within  the  limits  of  our  state.  Some  gold  is  found  south  of 
the  boundary  line,  and  its  discovery  was  the  starting  point  for 
the  explorations  so  vigorously  prosecuted  during  the  past  year. 
But,  as  in  all  other  mining  districts,  the  majority  of  the  veins 
are  not  worth  working, and, indeed,  many  of  them.chiefly  belong- 
ing to  the  class  of  segregated  veins,  contain  no  gold  whatever. 
There  are  excellent  opportunities  for  the  investment  of  capital 
in  the  gold  mining  industry  of  Rainy  lake;  but  unless  selected 
and  developed  with  discrimination  and  scientific  judgment 
the  chances  are  that  the  property  chosen  may  not  develop  into  a 
permanent  and  productive  mine.  It  is  our  confident  belief,  how- 
ever that  the  proper  forces  have  been  in  operation  at  several 
points  around  Rainy  lake  to  produce  auriferous  quartz  lodes 
of  a  richness  that  will  compare  favorably  with  those  of  many 
other  prosperous  mining  districts. 
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If  the  development  of  operations  now  in  progress  shall  dem- 
onstrate the  existence  of  extensive  deposits,  as  we  believe  will 
be  the  case,  the  future  of  the  district  for  ^Id  mining  is  assured. 
It  is  even  now  accessible  at  moderate  cost;  fuel,  water  and  wa- 
ter power  are  abundant,  and  labor  cheap.  Modern  methods 
have  made  the  cost  of  exploitation,  even  of  refractory  ores, 
much  less  than  it  was  only  a  few  years  ago.  With  the  large 
bodies  of  low  grade  ore  which  are  destined  to  furnish  the 
greater  part  of  the  world's  output  of  precious  metals  in  the  fu- 
ture, the  costs  of  mines  and  mills  as  advantageously  situated 
with  reference  to  wood  and  water  as  those  at  Rainy  lalie.  have 
been  estimated  at  $2.00  a  ton  for  mining  and  $3.00  a  ton  for  bar- 
rel chlorination  or  for  treatment  by  the  cyanide  process  of 
ores  adapted  to  it,  and  from  which  90  per  cent,  of  the  metal  can 
be  saved.  Where  practically  all  the  gold  can  be  extracted  by 
amalgamation,  as  at  present  at  Rainy  lake,  there  should  be  a 
good  profit  on  five  dollar  ore  in  permanent  veins  which  have 
an  average  width  of  five  feet  or  more. 

The  surprising  adaptability  of  the  soil  and  climate  of  the 
the  Rainy  River  valley  for  agriculture,  together  witb  its  stores 
of  timber  for  lumber  and  paper  manufacture  and  its  large  water 
power,  instill  in  us  the  conviction  that  northern  Minnesota  is 
an  empire  by  itself,  destined  in  the  near  future  to  become  the 
hom^  of  a  large  and  prosperous  community  engaged  in  the  oc- 
cupations of  farming  and  manufacturing. 
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IV. 


THE  TOPOGRAPHICAL  SURVEY  OF  MINNESOTA*. 

By  W.  B.  Hoag. 

The  needs  of  the  people,  which  are  thought  to  fall  to  the 
goverament  or  to  the  State  for  supply,  are,  as  a  rule,  slow  in 
receiving  just  recognition.  Wherever  this  tardiness  becx>ines 
sufficiently  pronounced  to  warrant  it,  private  capital  steps  in 
and  frequently  supplies  the  need  much  more  quickly  and  fully 
than  public  sentiment  would  have  justified  congress  or  legis- 
lature.s  ip  doing.  Tradition  is  strong,  and  we  are  slow  to  dele- 
gate to  the  Nation  or  State  the  control  of  those  institutions 
which  are  now  serving  the  people  acceptably.  Especially  true 
is  this  with  those  haying  their  birth  and  doubtful  beginnings 
since  the  establishment  of  our  government.  The  railroad,  the 
telegraph  and  telephone,  the  express  also,  might  be  named  as 
examples  in  point. 

It  is  believed  that  the  present  great  activity  in  the  world  of 
thought  and  letters  is  directly  incident  to  the  maintenance  of  a 
domestic  system  which  imposes  upon  those  embraced  in  it  a 
tax  so  small  as  to  be  insufScient  to  pay  for  the  actual  service 
of  such  enterprises  as  those  named,  to  say  nothing  of  a  good 
profit  which,  if  continued  long  as  a  private  enterprise,  they 
must  afford  their  owners. 

While  the  question  of  imposing  upon  those  who  employ  a 
public  agency  little  or  none,  burdens  disproportionate  with  the 
accommodation  received,  in  order  to  lighten  the  load  of  others 
who  use  it  much,  is  a  legitimate  topic  of  discussion  for  the  po- 
litical economist,  yet  all  are  agreed  that  such  a  taxmust  greatly 
stimulate  and  strengthen  whatever  it  thus  unquestionably  fa- 
cilitates. 

Who  shall  say  what  we  have  lost  as  a  nation  in  activity  and 
consequent  development  by  permitting  our  telegraph  systems 
to  remain  under  private  control  with  rates  and  conditions  cal- 

•Etead  before  (he  Eoglueer's  club  of  Hlaneapolls,  Deo,  10.  1801,  by  W.  B.  Hokg,  pro- 
fessor at  CI  TllEDBlDeerlns>  DDlveraitfot  M1an«gota.  and  state  topographer,  la  charge 
of  the  topographical  Hurvey. 
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culated  in  no  way  to  encourage  its  wider  use  by  the  citizen,  and 
as  a  rale  prohibitory  of  snch  eztessioQ  except  where  cost 
counts  for  naught  or  the  time  element  is  a  ruling  consideration. 
The  great  question  of  transportation  incident  to  serving  man's 
needs  in  the  material  world  comes  up  with  equal  force.  Not 
that  we  ask  the  question,  shall  the  government  now  acquire 
control  of  the  rail  and  waterways,  but  rather  would  not  our 
territory  have  been  developed  much  more  rapidly  and  would 
not  all  of  the  strengthening  and  enriching  effects  of  an  efficient 
and  economical  system  of  transportation  be  present  in  a  much 
larger  measure  than  they  are  to-day  had  the  government  from 
the  first  developed  railroad  transportation  the  same  as  it  has 
the  postal  system. 

There  is  another  class  of  needs  which  a  civilized  community 
soon  comes  to  feel,  but,  being  of  a  more  general  nature  than 
those  already  noted,  they  have  been  receiving  tardy  recogni- 
tion; and  especially  true  is  this  in  this  country,  where  the  na- 
tional {^vernment  has  taken  up  the  work  only  after  urgent 
specific  needs  have  demanded  their  consideration.  I  refer  to 
surveys  of  the  public  domain,  whether  conducted  with  a  spirit 
to  discover  the  resources  of  the  country  as  a  purely  geologi- 
cal and  natural  history  survey,  or  as  a  topographical  survey  to 
meet  the  multiple  necessities  of  our  modern  civilization. 

Even  the  need  of  some  scientifically  consistent  plan  for  pur- 
poses of  description  and  partition  of  the  land  thrown  open  to 
settlement  did  not  move  congress  till  a  large  amount  of  such 
lands  had  been  disposed  of  and  in  a  manner  giving  the  most 
absurd  and  expensive  plan  for  farm  boundaries,  and  unduly 
increasing  the  cost  and  uncertainty  of  all  subsequent  land  sur- 
veys and  descriptions.  When,  finally,  the  rectangular  system 
of  our  public  land  surveys  was  devised  and  adopted  about  1810, 
the  standard  of  desirable  accuracy  was  placed  so  low,  and  the 
execution  of  it  by  inexperienced  contractors  was  so  lamentably 
poor  and  the  government  inspection  of  it  in  many  cases  so  farc- 
ical, that  it  has  been  estimated  that  the  additional  cost  to  the 
people  from  litigation,  resulting  alone  from  such  poorly  defined 
land  boundaries  directiy  incident  to  such  cheap  survey,  has  al- 
ready far  exceeded  what  would  have  been  necessary  to  make 
an  absolute  topographical  survey  of  the  same,  in  which  every 
Important  subdivision  line  would  be  given  exact  position  by  a 
system  of  triangulation  and  traverse,  alt  having  ultimate  con- 
trol in  a  rigid  system  of  geodetic  triangulation.  In  17 —  it  was 
seen  that  there  was  need  of  exact  knowledge  of  our  coast  line. 
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both  for  developing  and  protecting  the  shipping  interests  and 
for  pnrposea  of  public  defense,  to  meet  which  the  U.  S.  Coast 
Survey  was  organized,  and  began  this  great  work  in  1807.  In, 
1841  the  Lake  Survey  was  organized  for  the  definite  purpose 
of  making  a  geodetic  survey  of  our  shore  line  of  the  great 
takes.  In  1878  the  G-eological  Survey  was  given  the  special 
work  of  conducting  geological  researches  in  the  western  ter- 
ritories and  has  since  extended  its  field  to  the  whole  country, 
and  more  recently  has  been  confining  itself  largely  to  topo- 
graphical surveys,  ia  the  absence  of  which  it  found  itself  una- 
ble to  conduct  with  satisfaction  its  geological  studies.  The 
coast  lines  having  been  about  completed  in  1870,  except  those 
of  Alaska,  the  work  of  the  Coast  Survey  was  enlarged  by  act 
of  congress  in  1871  to  include  bydrographic  and  topographic 
work  on  the  great  rivers  of  the  country  except  the  Mississippi 
and  Missouri  rivers,  which  had  been  assigned  to  special  com- 
missions in  charge  of  the  army  and  navy. 

The  Coast  Survey,  with  the  broadened  title  of  Coast  and 
Greodetic  Survey,  was  also  instructed  to  conduct  a  grand  system 
of  transcontinental  triangulation  and  precise  levels  for  the  pur- 
pose, aside  from  those  purely  scientific  in  character,  of  coordi- 
nating not  only  all  of  its  own  work  but  that  of  any  other  agen- 
cy. This  latter  function  was  calculated  to  aid  especially  in 
fixing  international  and^interstate  boundaries,  and  thereby  to 
encourage  state  work  of  somewhat  like  character.  To  still  fur- 
ther aid  each  State  in  prosecuting  its  topographical  survey  the 
U.  S.  Coast  and  Geodetic  Survey  was  authorized  to  conduct  a 
separate  triangulation  as  a  basis  for  such  surveys,  in  those 
states  having  in  vigorous  operation  their  own  state  geological 
surveys. 

To  the  U.  S,  Coast  and  Geodetic  Survey  was  also  entrusted 
the  work  of  conducting  a  magnetic  survey  of  the  country. 

Congress  has  not  seen  fit  to  create  an  institution  whose  prime 
function  shall  be  to  make  a  complete  and  accurate  topograph- 
ical map  of  the  territory  of  the  United  States.  Nor  is  it  likely 
to,  since  there  are  already  a  number  of  district  surveys  one 
of  whose  functions  is  to  make  such  a  survey  of  its  immediate 
locality;  moreover,  the  avowed  purpose  of  one  of  the  lines  of 
work  of  its  oldest  survey — the  Coast  and  Geodetic — is  to  assist 
the  different  States  in  carrying  on  their  own  topographical 
surveys. 

A  further  reason  that  the  plan  of  individual  state  surveys  is 
likely  to  prevail  consists  in  the  pride  each  State  has  in  discov- 
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Gring  and  developing  its  own  resources;  in  fact  each  indepen- 
dent State  desires  to  suppiy  all  the  needs  of  its  citizens,  so  far 
as  tbey  can  be  supplied  within  the  state,  and  as  far  as  possible 
from  its  own  resources. 

Another  difficulty,  attending  a  general  plan  covering  the 
■whole  country,  appears  when  we  consider  that  some  sections  of 
the  country,  on  account  of  local  difficulties,  coupled  with  the 
desirability  of  great  accuracy  and  full  detail,  might  cost  from 
two  to  five  times  as  much  to  be  adequately  represented  on  the 
topographical  sheet  as  other  sections. 

Again,  some  States  from  a  keen  sense  of  appreciation  of  the 
economic  worth  of  a  reliable  topographical  map,  will  need  to 
have  much  more  detailed  work  done,  costing  much  more,  than 
could  be  be  carried  out  in  other  states  on  any  general  plan  of 
equity  to  all.  Just  this-  thing  has  already  happened  in  the  state 
of  Massachusetts  when  the  national  Geological  Survey  pro- 
posed to  conduct  for  it  its  topographical  survey  if  the  State 
would  meet  half  the  expense.  In  arranging  the  details  of  the 
contract  it  appeared  that  the  Geological  Survey  desired  to  do 
the  work  according  to  its  usual  plan  followed  elsewhere  under 
like  topographic  conditions.  The  commission  objected  to 
this  plan,  claiming  that  the  State  could  not  afford  to  meet  even 
half  the  expense  of  such  a  survey,  as  it  would  give  them  a  map 
little  better  than  the  one  they  already  had. 

In  other  states,  by  reason  of  general  inactivity  in  all  matters 
relating  to  public  improvement,  even  a  map  of  average  cost 
would  meet  no  present  need,  and  &11  money  so  expended  would 
be  lost  to  the  country,  until  the  State  should  awake  to  an  ap- 
preciation of  its  true  worth.  On  the  other  hand,  not  to  carry 
the  work  along  about  equally  in  the  different  states  would  be  a 
manifest  injustice. 

Another  evil  which  must  attend  such  general  plan  is  the  fol- 
lowing: 

Any  such  national  survey  must  have  at  its  head  a  director  or 
superintendent  with  power  to  direct  the  details  of  the  work-^ 
the  general  policy  alone  could  be  fixed  by  congress.  That  sur- 
vey, dependent  upon  the  continued  favorable  action  of  con- 
gress for  maintenance  will,  if  it  be  loyal  to  its  own  cause,  en- 
deavor to  merit  and  gain  the  support  of  a  majority  in  congress.  - 
Bnt  each  congressman  is,  as  a  rule,  keen  to  see  that  his  State 
is  receiving  its  full  share  of  the  benefits  from  such  legislation, 
not  receiving  which  he  withdraws  his  support.  A  system  of 
political  trading  results  and  friendly  relations  are  maintained 
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by  work  in  some  states  and  promises  in  others  sufficieot  to  con- 
trol a  safe  majority  in  congress — which  must  result  in  a  shift- 
ing policy  of  the  survey  and  a  consequent  discontinuation  of 
the  work  in  some  states  in  order  to  resume  operations  in  others 
— which  changes  must  follow  closely  and  actively  every  change 
in  the  political  color  of  congress.  In  that  manner  a  great 
agency,  created  to  subserve  the  best  interests  of  the  people 
impartially  in  a  specific  work,  must  soon  degenerate  into  a  vast 
political  machine,  an  incidental  feature  of  it  being  to  do  topo- 
graphical work,  the  main  function  being  to  serve  congress. 
While  this  picture  may  seem  overdrawn  to  some,  I  firmly  believe 
that  in  view  of  the  difKcultles  present,  some  of  which  I  have 
specified  above,  no  such  survey  could  survive  a  sufficient 
length  of  time  to  even  become  efficiently  operative  without 
coming  substantially  to  this  condition. 

Indeed,  this  country  has  already  furnished  proof  of  this  in- 
evitable tendency,  and  its  development  has  been  such  that 
one  familiar  with  the  modus  operandi  of  our  national  surveys 
can  not  fail  to  see  it.  All  this  can  be  easily  avoided  by  allow- 
ing each  State  to  take  up  its  own  work  at  the  time  and  in  the 
manner  which  seems  to  it  wise — conserving  all  the  interests  of 
the  State  and  receiving  whatever  aid  from  the  general  goveni- 
ment  it  may  without  sacrificing  its  control. 

Though  many  States  are  at  present  engaged  in  conducting 
topographical  surveys,  according  to  one  plan  or  another,  but 
three,  Massachusetts,  Connecticut  and  New  Jersey,  have  com- 
pleted such  surveys.  In  fact,  considering  the  wide  gap  we  have 
nearly  closed  with  other  nations  of  the  world  in  the  past  half 
century  in  education  and  science,  in  transportation  and  inven- 
tion and  indeed  in  much  that  contributes  to  the  wealth  and 
greatness  of  a  nation,  we  are  far  behind  them  in  appreciation 
of  the  economic  worth  of  an  accurate  topographical  map.  As  a 
natural  result  we  find  that  few  States  have  taken  advantage  of 
the  valuable  cooperation  offered  by  the  U.  S.  Ck>ast  and  Geo- 
detic Survey  in  famishing  free  to  the  State  a  preliminary 
triangulation,  which  must  precede  as  a  foundation  all  topo- 
graphical  work  proper,  Minnesota  being  ninth  ( ?)  in  the  list 
to  thus  cooperate. 

The  mining  engineer  fully  realizes  the  value  of  a  reliable 
topographical  map  of  that  section  wbich  is  to  be  the  field  of 
his  professional  labor. 

The  municipal  engineer  knows  that  by  the  aid  of  an  accurate 
topographical  map  only  can  he  with  certainty  discuss  questions 
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relatiDg  to  sources  of  water  supply,  location  of  reservoirs  and 
standpipes  or  trace  outlines  of  natural  drainage  for  use  in  de- 
signing the  most  efficient  and  economical  system  of  sewerage 
disposal. 

To  the  sanitary  engineer  it  becomes  a  valuable  aid  in  search- 
inff  out  sources  of  contamination  in  wells  or  surface  supply. 

The  geologist  requires  the  aid  of  the  topographical  map  for 
the  fnllest  exposition  of  his  results,  especially  in  problems 
touching  physical,  stratigraphical  and  glacial  geology. 

The  hydraulic  en^neer  would  nedd  little  else  to  determine 
the  site  and  value  of  mill  privileges  or  to  study  the  matter  of 
overflow  of  Land  relating  th6reto. 

The  survey  is  of  great  value  in  prosecuting  studies  in 
natural  history  and  meteorology.  To  the  civil  engineer  an 
adequate  topographical  map  is  the  foundation  upon  which 
nearly  all  his  problems  must  rest  to  insure  economic  solution. 

It  has  been  estimated  that  Massachusetts  alone  has  paAd. 
120,000,000  since  1836  in  railway  expenditures  over  what  would 
have  been  necessary  had  it  possessed  at  that  time  accurate 
topographical  maps  of  its  territory. 

The  army  engineer  can  increase  by  one  quarter  the  efficiency 
of  the  army  by  supplying  it  with  topographical  maps,  enabling 
it  to  take  advantage  of  every  important  feature  of  the  land. 
Our  late  civil  war  was  undoubtedly  prolonged  not  a  little  by 
reason  of  the  superior  knowledge  of  their  own  territory  pos- 
sessed by  the  southern  generals,  gained  mostly  by  hastily  pre- 
pared maps  made  immediately  before  and  daring  the  war. 

To  the  agricultural  districts  the  topographical  map  proves 
of  greatest  value.  It  aids  in  the  establishment  and  mainten- 
ance of  a  scientiflc  system  of  highways,  which  to-day  is  the 
severest  tax  the  farmer  pays.  It  would  give  a  uniform  and 
absolute  means  of  determining  land  lines  and  comers  and  also 
data  for  settling  all  questions  of  land  drainage  or  irrigation. 

If  more  proof  is  desired  showing  the  need  of  better  maps  of 
our  territory  than  furnished  by  the  original  land  surveys, 
made  half  a  century  ago,  it  appears  in  the  fact  that  private 
concerns  have  prepared  such  maps  and  have  found  sale  for 
them  among  the  people,  sufficient  to  justify  the  undertaking. 
The  more  settled  portions  of  our  state  have  thus  been  twice 
surveyed  and  mapped  already  and  some  sections  many  more 
times. 

These  are  among  the  leading  benefits  to  be  derived  from  a 
reliable  topographical  map,  and  are  named  only  as  a  part  of 
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the  ways  in  which  the  survey  would  soon  come  to  furnish 
economic  returns. 

Some  of  the  European  States  have  covered  their  territory 
with  repeated  surveys,  the  earlier  ones  being  of  no  present 
value,  except  to  have  served  the  very  useful  purpose  of  fur- 
nishing a  field  in  which  to  develop  what  a  topographical  map 
must  be  to  meet  the  demands  of  our  modern  civilization. 

Shall  we,  as  a  State,  acquire  an  adequate  topographical  map 
by  this  costly  method?  Or  shall  we,  by  adopting  the  most 
modem  practice  of  the  science,  prove  that  we  do  not  need 
these  costly  .trial  lessons?  This  question  received  its  first 
answer  in  the  State  legislature  of  1872,  which  committed  us  to 
the  policy  of  conducting  our  own  survey  and  the  making  of 
such  measurements  as  may  be  necessary  for  an  accurate  map 
of  the  state. 

This  was  the  provision  made  in  sec.  5  of  the  act  creating  the 
Geological  and  Natural  History  Survey,  which  was  drafted  by 
W.  W.  Folwell,  introduced  in  the  legislature  by  senator  J.  S. 
Pillsbury,  a  regent  of  the  University,  and  received  governor 
Horace  Austin's  approval  March  1,  1872. 

A  second  answer  to  this  question  was  given  in  1887,  at  which 
time,  upon  recommendation  of  N.  H.  Winchell,  state  geologist, 
the  writer  was  appointed,  by  the  superintendent  of  the  Coast 
and  Geodetic  Survey,  acting  assistant  and  given  immediate 
charge  of  their  operations  in  this  state. 

The  purpose  of  having  these  acting  assistants  appointed  by 
the  superintendent  of  the  U.  S.  Coast  and  Geodetic  Survey 
was  to  bring  that  part  of  the  work  requiring  the  most  expen- 
sive instruments,  rigid  field  methods  and  office  reductions,  un- 
der the  direct  supervision  of  one  central  highly  professional 
authority.  This  alone  insures  that  uniformity  necessary  where 
each  state  survey  is  an  integral  part  of  the  one  continental  sur- 
vey. It  saves  each  State  the  expense  of  providing  costly  in- 
stmments  needed  only  during  the  progress  of  the  survey,  as 
well  as  all  instruments  for  conducting  the  primary  triangula- 
tion,  vertical  measures,  leveling  and  magnetics.  The  general 
direction  and  care  of  the  field-work  being  in  the  hands  of  ofBcers 
of  life  long  experience,  and  the  reduction  of  the  notes  made  by 
professional  computers  at  Washington  assure  that  degree  of 
accuracy  which  is  essential  to  securing  all  of  the  objects  of  the 
survey;  at  the  same  time  local  interests  are  conserved  by  the 
fact  that  the  actual  field  work  is  executed  by  citizens  of  the 
state,  all  the  expenses  of  the  work  being  home  by  the  National 
Survey. 
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Early  in  June.  1887,  work  was  begun  and  has  coatioued  al- 
most uniaterruptedly  during  the  summer  months.  During  this 
time  astronomical  latitude  and  telegraphic  longitude  have  been 
established  at  a  station  in  the  University  grounds  to  serve  as 
the  absolute  starting  point  of  the  survey.  A  primary  base-line 
bi  miles  in  length  has  been  prepared  and  measured,  located 
along  Snelhng  avenue,  St.  Paul,  which  furnishes  the  element 
of  distance  to  all  lines.  A  line- of  precise  levels  has  been  ran 
from  the  nearest  sea-elevation  bench-mark  to  this  base-line, 
thus  giving  it  sea  elevation.  From  this  base  line  with  its  lati- 
tnde,  longitude  and  sea  elevation  accurately  known,  a  complete 
system  of  triangulation  has  been  extended  over  the  greater 
part  of  Hennepin,  Ramsey.  Washington,  Dakota,  Gk>odhue, 
Wabasha  and  Winona  counties,  fully  preparing  this  territory, 
amounting  to  about  2,500  square  mites,  for  final  topographical 
mapping.  Besides  this,  other  work,  of  the  character  of  a  re- 
connoissance,  looking  to  a  plan  of  triangulation,  has  been  done 
in  Chisago.  Anoka,  Wright,  Carver,  Scott.  Rice,  Dodge  and 
Olmsted  counties.  For  the  past  two  years  observations  have 
been  made,  at  all  stations  occupied  for  magnetic  declination, 
with  the  view  to  making  at  an  early  date  a  complete  magnetic 
map  of  the  state  for  the  use  of  al]  county  surveyors.  During 
the  past  season,  employing  instruments  loaned  by  the  Coast 
and  Geodetic  Survey,  the  Civil  Engineering  Department  of  the 
University  has  been  conducting  systematic  observations  at  a 
magnetic  station  located  at  the  experimental  farm.  The  past 
season  has  been  spent  in  work  upon  a  topographical  sheet  cov- 
ering the  twin  city  district — including  about  225  square  miles, 
the  first  part  of  the  season  being  devoted  to  the  plane-table 
triangulation— the  latter  part  to  filling  in  the  topography.  The 
topographical  work  proper  has  been  mostly  confined  to  the  in- 
terurban  district  west  of  Snelling  avenue,  and  along  the  Mis- 
sissippi river  and  lake  and  park  regions  of  the  cities  where 
the  city  records  would  not  furnish  adequate  details. 

During  the  progress  of  the  triangulation,  in  addition  to  lo- 
cating the  primary  stations,  which  are  15  to  25  miles  apart,  the 
superintendent  has  ruled  that  the  acting  assistants  will  l>e  al- 
lowed to  make  observations  upon  any  other  objects,  such  as 
chnrch  spires,  tall  chimneys,  towers,  etc.,  with  the  view  to 
^ving  them  position  for  use  as  secondary  stations  necessary  to 
the  state  topographical  survey  when  such  objects  can  be  sub- 
served without  extra  cost  to  the  national  survey. 
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Since  economy,  as  well  as  accuracy,  demands  that  the  pri- 
mary stations  be  located  as  far  distant  from  each  other  as  pos- 
sible, in  most  cases,  it  is  of  the  greatest  importance  that  these 
secondary  points — in  sufficient  number  and  in  favorable 
positions — be  chosen  and  lopated  during  the  progrress  of 
the  primary  work.  Especially  is  this  true  when  tail  observing 
towers  must  be  erected  at  the  primary  stations  to  overcome 
BarrouDding  woods  or  intervening  ridges,  since  such  towers 
are  not  likely  to  remain  in  position  until  needed  by  the  State 
in  its  topographical  survey.  If  they  be  destroyed,  the  second- 
ary and  tertiary  stations  could  not  be  located  except  by  a  re- 
building of  the  original  towers,  incurring  additional  expense 
and  delay.  During  the  progress  of  the  work  in  Hennepin, 
Ramsey,  Washington  and  Dakota  counties  but  three  towers 
were  required,  and  sufficient  church  spires,  wind  mill  towers, 
etc.,  could  be  observed  for  secondary  points. 

Quite  the  opposite  conditions  are  met  in  Goodhue,  Wabasha 
and  Winona  counties,  and  towers  are  required  at  nearly  all  sta- 
tions, ranging  in  height  from  24  to  64  feet,  and  but  few  second- 
ary points,  except  windmill  towers,  could  be  established  owing 
to  the  small  number  of  objects  sighted.  These,  from  their 
great  number  and  similarity,  proved  of  very  little  value,  since 
all  attempts  at  identificatiOD  proved  futile.  The  appearance 
of  this  latter  difficulty,  which  threatened  to  seriously  impair 
the  usefulness  of  the  main  triangulation  led  the  regents  of  the 
University  of  Minnesota,  in  the  spring  of  1892,  to  appoint  the 
writer  as  state  topographer,  with  instruction  to  establish  snch 
secondary  stations  as  would  render  the  broader  triangulation 
of  value  to  the  state  topographical  survey. 

A  state  topographical  survey,  such  as  is  contemplated,  is 
based  upon  absolute  geodetic  points  and  conducted  by  actnal 
measurements  and  observations,  the  methods  and  degree  of  ac- 
curacy throughout  being  sufdcient  to  enable  a  map  to  be  made  ca- 
pable of  showing  accurately  all  topographical  features  as  to  dis- 
tance, direction  and  elevation,  i.  e.,  to  show  accurately  the  position, 
shape,  direction,  character,  elevation,  etc.,  of  all  lakes,  rivers, 
hills,  ridges,  valleys;  woodland,  prairie  or  cultivated  lands; 
government  lines  and  comers;  all  highways,  railroads  and 
canals;  all  buildings  in  the  country  and  in  villages  and  cities; 
with  contour  lines  which  would  show  natural  drainage,  the 
grade  or  pitch  of  all  roads,  the  descent  of  all  rivers,  etc. 
Besides  these,  together  with  many  other  details  which  would 
be  represented  on  the  map,  the   survey  comprehends  a  pub- 
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llshed  report,  iesned  at  convenient  intervals  during  the  pro- 
gress of  the  work,  which  shall  contain,  besides  the  usual 
report  on  general  progress  of  the  work,  expenditures  and  esti- 
mates, etc.,  a  full  account  of  all  methods  and  description  of 
.  instruments  employed,  and  methods  and  results  of  the  official 
reduction  and  computation.  The  principal  purpose  of  the 
report  is  to  show  more  accurately  than  can  be  platted  on  a 
map,  the  exact  data  gained  by  the  field  work,  which  accuracy 
is  necessary  for  its  proper  continuance,  and  for  various  uses, 
practical  and  scientific.  The  value  of  such  a  survey  to  the 
State  need  not  be  argued,  for  the  history  of  the  progress  of 
topographical  surveys  in  all  civilized  countries  is  sufficient 
proof  of  their  economic  worth,  the  facts  being  that  the  older 
and  more  advanced  nations,  as  England,  France,  Germany  and 
Spain  have  been  the  leaders  in  the  science  of  topography  and 
geodesy,  each  devoting  large  sums  of  money  to  gain  suffici- 
ently accurate  and  reliable  maps  of  its  territory.  The  need  of 
snch  maps  increases  with  the  increase  in  land  values,  and  ihe 
density  of  population,  and  with  the  multiplied  needs  of  an 
advancing  civilization. 
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V. 

HISTORICAL   SKETCH  OF    THE   DISCOVERY  OF 

MINERAL  DEPOSITS  IN  THE  LAKE 

SUPERIOR  REGION.* 


By  Horace  V.  Winchell. 


The  development  of  miniiig  industry  in  the  territory  about  us 
is  so  recent  that  its  very  beginning  lies  within  the  recollection 
of  many.  The  earliest  statistics  of  production  commence  bat 
half  a  century  ago,  and  yet  how  wonderful  the  growth  and  how 
fabulous  its  story!  It  might  appear  at  first  sight  unnecessary 
to  detail  the  early  history  of  so  young  an  industry  in  so  new  a 
region.  But  most  of  us  are  newcomers  here  and  have  taken 
things  as  we  found  them,  without  a  careful  investigation  into 
the  beginning  of  it  all  We  are  well  aware  of  the  fact  that  we 
are  in  the  midst  of  a  district  of  marvelous  natural  resources. 
We  know  full  well  that  in  addition  to  our  natural  advantages 
American  inventive  skill  and  indomitable  enterprise  have  pushed 
developments  until  our  iron  and  copper  mines  are  the  wonder 
of  the  civilized  world,  and  knowing  these  things  we  may  have 
overlooked  the  day  of  small  beginnings,  and  forgotten  to  Inquire 
to  whom  we  owe  our  present  fame  and  wealth.  It  therefore 
seems  appropriate  that  a  brief  summary  of  the  order  and  date 
of  early  events  should  be  presented  before  this  Institute.  Some 
of  our  traditions  may  not  have  a  basis  of  fact,  and  others  may 
have  become  more  or  less  intermingled  with  fiction.  It  shall 
be  our  endeavor  to  collect  the  scattered  data  and  present  a  nar- 
rative which  shall  render  honor  to  whom  honor  is  due  for  the 
discovery  of  our  mineral  wealth. 
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PREHISTORIC   MINING. 


Although  the  exploitation  of  our  mines  on  a  commercial  scale 
has  been  in  progress  less  than  two  generations,  we  cannot  pride 
ourselves  on  being  the  original  discovers  and  users  of  the 
metals  they  produce.  I  shall  make  quotations  from  the  several 
writers  on  the  subject,  during  the  reading  of  this  paper,  'with- 
out giving  exact  reference  in  each  case.  The  bibliographical 
list  appended  hereto  will  furnish  information  as  to  the  place 
where  the  reports  quoted  appeared.  As  to  the  use  of  metals  by 
the  Indians,  Jackson  remarks: 

Look  anterior  to  the  aetllement  of  this  countrr  by  white  tneu  the  chil- 
dren of  the  forest  were  lamlllar  with  the  use  of  Dative  metals,  such  as 
gold,  sliver,  copper,  aud  perhaps  meteoric  Iron.  Their  wandering  mode 
of  life  prevented  the  cultlvatioD  of  the  metallurgic  art,  and  It  la  not  sup- 
posed that  they  kaew  hon  to  reduce  metals  from  their  ores  by  the  forfie 
or  furaace.  There  Is  reason  to  believe  that  the  aborigines  In  some  parts 
of  the  country  understood  the  art  of  obtalntng  metallic  lead  from 
the  sulphuret,  for  the  metal  is  so  easily  reduced  from  that  ore  by  roasting 
]ton  an  ordinary  log  Are,  that  it  seems  Impossible  for  them  to  have  failed 
to  obtain  lead  If  they  even  threw  pieces  of  the  ore  loto  a  flre.  '  Id  the 
western  states,  where  the  lead  ores  occur  loose  In  tbe  soil  and  in  decayed 
seams  of  tbe  rociiB,  the  Indiana  would  h^ve  been  most  likely  to  have  dis- 
covered the  art  of  smelting  lead.  That  metal  is  probably  tbe  only  one 
they  knew  how  to  extract  from  its  ores.  But  they  understood  the  art  of 
annealing  tbe  native  mebala  by  means  of  fire,  and  we  find  proofs  In  tbe 
ancient  workings  on  Lake  Superior,  as  well  as  In  the  accounts  recorded 
by  tbe  ancient  French  Jesuits,  who  were  the  first  Europeans  that  visited 
tbe  lake,  that  the  Indians  built  fires  on  and  around  tbe  masses  of  native 
copper  whlcb  were  too  large  to  be  removed,  and  after  softening  the  metal, 
cut  off  portions  with  tbeir  hatchet«.  They  understood  bow  to  fashion 
tbe  malleable  native  metals  Into  all  the  various  weapons, ornaments  or 
tools  employed  by  them,  and  manifested  considerable  ingenuity  and  skill 
in  this  handicraft,  but  no  proofs  have  ever  been  discovered  that  they  ever 
made  any  castings  of  metale  fusible  at  a  high  temperature.  Throughout 
tbe  continent,  wherever  gold,  silver  or  copper  Is  found  native  la  tbe  soil, 
or  in  the  decayed  rocks,  the  aboriginal  lababltaats  were  accustomed  to 
work  these  metals  into  various  articles,  by  hammering  them  with  smooth 
stones,  aiflxed  to  a  withe  bound  round  in  a  groove  cut  In  tbe  middle  of 
the  stone.    (Op.  cit.,  p.  373.) 

But  these  "first  families  of  America"  went  farther  than  the 
use  of  metals  found  in  the  glacial  drift.  They  engaged  in  the 
operations  of  mining,  in  a  manner  similar  to  that  revealed  in 
the  earliest  mines  of  Great  Britain,  and  with  equally  crude  im- 
plements. Of  some  of  these  prehistoric  mines  Whittlesey 
speaks  as  follows: 

The  evidences  of  ancient  mining  operations  within  tbe  mineral  re- 
gion of  Lake  Superior  were  first  brought  tn  public  notice  In  tbe  winter  of 
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1647-6.  Although  the  Jesuit  fathers  frequeatly  meDtion  the  existence  of 
copper,  and  even  use  the  term  mtnea.  It  is  clear,  from  the  gfioeral  tenor 
of  thetr  narratiYes,  that  they  neither  saw  nor  knew  of  anj  actual  min- 
foylQlhe  technlcalaenseof  thatword.  They  announced  asearlyastbe 
jeni  1636  the  presence  of  native  copper,  and  refer  to  it  as  havtng  been  tak- 
en from  the  "mines."  This  was  prior  to  the  time  when  they  had  them- 
selves visited  the  Qreat  Lake,  and  their  Information  was  derived  from 
lodlans.  At  the  same  time  they  speak  with  equal  certainty  of  mines  of 
gold,  ruMes  ami  ateei;  but  it  must  be  borne  in  lemembrance  that  the  French 
word  is  not  equivalent  to  our  English  rmnea,  bat  may  be  more  correctly 
rendered  veins  or  deposits  of  metals  or  ores. 

In  the  "BelatioQs"  for  1859-60  after  missionB  liad  been  estab- 
lished on  lake  Superior,  the  region  is  reported  to  be  "enriched 
in  all  it3  borders  by  mines  of  lead  almost  pore,  and  of  copper 
all  refined  in  pieces  as  large  as  the  fist,  and  of  great  rocks 
which  have  whole  veins  of  tnrquoise!"  It  is  probable  that 
these  accounts  are  second-hand,  and  sach  as  the  Chippewas 
gave  when  they  exhibited  to  the  fathers  specimens  of  native 
metal  in  the  shape  of  water-worn  pieces  and  small  boulders. 

Boucher,  in  the  "Histoire  veritable,"  eto.,  in  1640,  asserts 
that  "there  are  in  this  region,  mines  of  copper,  tin,  antimony 
and  lead."  He  speaks  of  a  great  island  fifty  league^^  in  circnm- 
ference,  which  is  doubtless  the  one  now  called  Michipicoten, 
where  '  'there  is  a  very  beautif  al  mine  of  copper. "  Ck>pper  was 
also  found  in  other  places  in  large  masses  "all  refined";  in  one  in- 
stance an  ingot  of  copper  was  discovered  which  weighed  more 
liban  800  pounds,  and  from  which  the  Indians  cut  off  pieces 
with  their  axes  after  having  softened  it  by  fire.  All  this  in- 
formation Boucher  obtained  from  some  French  traders,  and 
not  from  bis  own  observation. 

The  discovery  of  the  first  ancient  mine  is  credited  to  Mr. 
Samuel  O.  Knapp,  agent  of  the  Minnesota  Mining  company. 
It  was  in  the  winter  of  1647-48,  at  the  Minnesota  Copper  mine, 
and  the  discovery  is  thus  related  by  Foster  and  Whitney: 

In  passing  over  a  portion  of  tbe  location  now  (1S60)  occupied  by  the 
Minnesota  Mining  Co.,  he  observed  a  continuous  depression  in  the  soil, 
whicb  be  rightly  conjectured  was  caused  by  the  dlslnt^ration  of  a  vela. 
There  was  a  bed  of  snow  on  the  ground  three  feet  In  depth,  but  It  had 
been  so  little  disturbed  by  the  wind  that  It  conformed  to  the  Inequal- 
ities of  the  surface.  Following  up  tbese  indications  along  tbe  southern 
escarpment  of  the  hill,  where  tbe  company's  works  are  now  erected,  he 
came  to  a  longitudinal  cavern,  into  which  he  crept,  alter  having  dispos- 
sessed several  porcupines  whicb  bad  selected  it  as  a  place  of  hibernation. 
He  saw  numerous  evidences  to  convince  him  that  this  was  an  artificial 
excavation,  and,  at  a  subsequent  day,  with  the  assistance  of  two  or  three 
men,  proceeded  to  explore  It.  In  dearlng  out  the  rubbish  they  found 
numerous  stone  hammers,  showing  plainly  that  they  were  the  mtaiog  tm- 
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plemeotB  m  l  rude  race.  At  the  bottom  of  the  excavation  they  toaod  a 
vein  with  ra^ed  projections  of  copper,  nhlch  the  aDcleot  miners  had  not 
detached.    This  point  is  east  of  the  present  works. 

The  followlDK  spring  he  explored  some  oC  the  excavations  to  the  west, 
where  one  of  the  shafts  of  the  mine  is  now  sunk.  The  depression  was 
twenty-six  feet  deep,  flllad  with  clay  and  a  matted  mass  of  monlderlng 
vegetable  matter.  When  he  had  penetrated  to  the  depth  of  eighteen 
feet,  be  came  to  a  mass  of  native  copper  ten  feet  long,  three  feet  wide,  and 
nearly  two  feet  thick,  and  weighing  over  six  tons.  On  digging  around  it 
the  mass  was  found  to  re^t  on  billets  of  oak  supported  by  sleepers  of  the 
same  material.  This  wood,  specimens  of  which  we  have  preserved,  by  its 
long  exposure  to  moisture,  is  dark-colored  and  has  lost  all  ite  consistency. 
A  knife-blade  may  be  thrust  into  it  as  easily  as  into  a  peat-bog.  The  earth 
was  BO  packed  around  the  copper  as  to  give  it  a  firm  support.  Theaaclent 
miners  had  evidently  raised  It  about  Ave  feet  and  then  abandoned  the 
work  as  loo  taboroDS.  They  had  taken  off  every  projecting  point  which 
was  accessible,  so  that  the  exposed  surface  was  smooth,  Below  this  ihe 
vein  was  subsequently  found  filled  with  a  sheet  of  copper  five  feet  thick 
andot  an  undetermined  extent  vertically  and  longitudinally. 

No  less  than  ten  cart  loads  of  stone  hammers,  both  with  and 
without  grooves,  were  foiind  in  this  vicinity,  besides  a  variety 
of  other  mining  tools,  among  which  may  be  mentioned  cedar 
gutters  or  troughs  to  drain  ofF  the  water,  which  was  baled  up  in 
wooden  bowls,  cedar  shovels,  copper  wedges  or  gads,  copper 
chisels  and  spear  heads,  ladders  formed  of  oak  trees  with  the 
branches  left  projecting,  wooden  levers,   copper  mauls,  etc. 

There  were  three  principal  groups  of  these  ancient  diggings 
on  Keweenaw  point,  viz:  One  a  little  below  the  forks  of  the 
Ontonagon  river,  another  at  Portage  lake  and  a  third  on  the 
waters  of  Eagle  river.  Although  the  old  works  were  not  al- 
ways situated  on  good  veins,  yet  they  were  regarded  by  prac- 
tical miners  as  good  guides  to  the  valuable  lodes.  There  were 
other  veins  on  isle  Boyale  and  near  the  north  shore,  opposite 
Keweenaw  point,  which  were  extensively  wrought  in  olden 
times.  Whittlesey  also  states  that  in  the  other  direction,  "sixty 
and  eighty  miles  to  the  southeast,  in  the  iron  region  near  Mar- 
qaette  are  remains  that  are  also  ancient." 

The  date  when  these  mines  were  worked  and  the  races  that 
wrought  them  are  unknown.  It  is  generally  believed  that  the 
tools  and  implements  found  there  are  relics  of  the  Mound 
Builders,  and  the  opinion  is  gaining  ground  that  the  Mound 
Builders  were  ancestors  of  our  present  Indians.  The  discovery  ■ 
of  two  hemlock  trees  on  which  were  counted  290  and  395  rings 
respectively,  growing  on  the  rubbish  heaps  of  these  old  work- 
ings, and  the  further  observations  made  by  Whittlesey,  show- 
ing that  there  were  decayed  trunks  of  trees  of  the  same  species 
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but  of  a  still  earlier  seneration  lying  in  these  troagGSl'are  evi- 
dence that  the  works  must  have  been  abandoned  200  or  300 
yeEirs  before  Columbus  started  on  his  voyage  of  discovery. 
The  farther  fact  that  their  existence  was  anknowa  to  the 
Indians  at  the  earliest  time  of  which  we  have  any  record,  is 
another  proof  of  their  great  antiquity.* 

It  does  not  appear  that  the  natives  mined  silver  or  gold  as 
they  did  copper.  It  is  not  unlikely  that  they  were  familiar 
with  the  metale,  and  were  aware  of  their  occurrence  in  the 
drift,  mingled  with  the  copper,  or  in  the  rocks  of  Thunder 
bay.  But  since  they  do  not  occur  in  large  masses  like  copper, 
and  the  Indians  had  no  idea  of  fusing  or  smelting  them  into 
ingots,  but  little  use  was  probably  made  of  them. 

EABLIKST  DISCOVKtUES  BY   WHITE  PEOPLE. 

The  first  white  man  to  visit  lake  Superior  was  Jean  Nicol- 
lett,  who  was  sent  from  Quebec  by  ChEunplain,  with  seven 
Huron  Indians  as  his  only  companions,  on  July  1,  1634.  He 
did  not  come  so  far  west  as  the  copper  district,  however,  but 
went  back  through  the  straits  of  Mackinaw  down  to  lake 
Michigan,  after  staying  some  time  for  rest  at  the  place  since 
called  Sault  Sainte  Marie.  It  was  not  until  1666-67,  about  the 
time  that  Marquette  established  the  Mission  at  Sault  Sainte 
Marie,  that  we  have  more  detailed  accounts  than  tnose  fur- 
nished by  Lagarde  in  1636  and  the  relation  already  mentioned. 
(1859.-60) 

In  the  relation  of  Claude  Allouez  (1666-67),  there  is  a  chap- 
ter entitled,  "Mines  of  copper  which  are  found  on  lake  Su- 
perior," from  which  is  taken  the  following  (Jackson's  Lake 
Superior,  p.  378): 

Dp  to  the  present  time  It  was  believed  that  these  mtoes  were  touod  on 
only  one  or  two  of  the  Islands;  but  since  we  bave  made  a  more  careful 
Inquiry,  we  have  learned  from  the  savages  some  secrets  which  the;  were 
unwilling  bo  reveal.  It  was  necessary  to  use  much  address  in  order  to 
draw  out  of  Ihem  this  knowledg^e,  and  U>  discriminate  between  the  truth 
and  falsehood.  We  will  not  warrant,  however,  all  we  learned  from  their 
simple  statements,  since  we  shall  be  able  to  speak  vrith  more  certainty 
when  we  have  visited  the  places  themselves,  which  we  count  on  during 
this  summer,  when  we  shall  go  to  find  the  "wandering  s beep"  In  all 
quarters  of  this  great  lalie.     The  Srat  place  where  copper  occurs  Id 

•There  is  some  evidence,  still,  thiit  tbe  IndUns  irbo  were  met  by  Osrtler  ob  the  low- 
er St.  Lawreoce  were  tamllUr  with  the  processes  ot  extraatlng  metallic  copper  from 
thenrek.  Ohamplain  nlves  astatement  otlhelrdescrlpuon  In  '■  Viiyiige  du  Sleur  de 
Obamplaln",    Psrlg.  1613.  as  quoted  by  Slatter.  :4.  H.  W. 

+U.  V.  WlncbeU.  Amertean  Oe")«olX, Feb.,  1B»4,  p.  IM, 
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abuodance,  after  Kolog  above  the  Saul t,  Is  od  an  Islaod  about  forty  or 
fifty  le^ues  therefrom,  oear  the  north  shore,  opposite  a  place  called 
MlsslplcoDatong. 

The  savagei  eay  lb  Is  a  floatlog'  Island,  which  is  soiudtimes  far  oft  and 
sometimes  near,  according  as  the  winds  move  ft,  driving  It  sometlmefi 
one  way  and  sometimes  another.  They  add  that,  a  long  time  ago,  four 
Indiana  accidentally  went  there,  being  lost  in  a  fog,  with  which  this 
Island  Is  almost  always  surrounded.  It  was  long  before  they  had  any 
trade  with  the  French,  and  they  had  no  kettles  or  hatchets.  Wishing  to 
cook  some  food, they  made  use  of  their  usual  method,  taking  stones  which 
they  picked  np  on  the  shore,  beating  them  In  the  Are,  and  throwing 
them  Into  a  bark  tningh  full  of  water,  in  order  to  make  It  boll,  and  by 
this  operation  cook  their  meat.  As  they  took  up  the  stones  they  found 
they  were  nearly  all  of  them  pure  copper.  •  •  •  Before  leaving  they 
collected  a  quantity  of  these  stones,  both  large  and  small  ones,  and  even 
some  sheets  of  copper;  but  they  bad  not  gone  far  from  the  shore  before  a 
loud  voice  was  heard,  saying  In  anger,  ''Who  are  these  robbers  who  have 
Stolen  the  cradles  and  playthings  of  my  children?"  The  sheets  of  copper 
were  the  cradles,  for  the  Indians  make  them  of  one  or  two  pieces  of 
wood  (a  flat  piece  of  bark  with  a  hoop  over  one  end),  the  child  being 
swathed  and  bound  upon  the  flat  piece.  The  little  pieces  of  copper 
which  they  took  were  the  playthings,  such  pebbles  l)eiag  used  by  Indian 
children  for  a  like  purpose.  This  voice  greatly  alarmed  them,  not  know- 
ing what  it  could  be.  One  said  to  the  others  it  is  thunder,  because  there 
are  frequent  storms  there;  others  said, It  is  a  certain  genie  whom  they  call 
Missiblzt  [Hesabl],  who  Is  reputed  among  these  people  to  be  the  god  of 
the  waters,  as  Neptune  was  among  the  pagans;  others  said  that  it  came 
from  Uemogovisiousis— that  la  to  say,  sea-men,  similar  to  the  fabulous 
Tritons,  or  to  the  Slreus,  which  always  live  In  the  water,  with  their  long 
bair  reaching  to  their  waists.  One  of  our  savages  stid  he  bad  seen  one 
to  the  water;  nevertheless,  be  must  have  merely  Imagined  that  he  dld- 
However.  this  voice  so  terrified  them  that  one  of  these  four  voyageurs 
died  before  they  reached  land.  Shortly  after,  a  second  one  of  them 
expired;  then  a  third;  so  that  only  one  of  them  remained,  who,  returning 
borne,  told  all  that  had  taken  place  and  died  shortly  afterwards.  The 
ttmld  and  superstitious  savages  have  never  since  dared  to  go  there  for 
fearot  losing  their  lives.    *   •    • 

Advancing  to  the  place  called  the  Grand  Anae  (Great  bay),  we  meet 
with  an  island  three  leagues  from  land,  which  is  celebrated  for  the  metal 
which  is  found  there  and  for  the  thunder  which  takes  place,  because 
they  say  it  always  thunders  there  (Thunder  cape>.  But  further  towards 
tbe  west,  on  the  same  north  shore,  is  the  Island  most  famous  for  copper, 
called  Minong  (the  good  place).  Isle  Royale.  This  island  Is  twenty-five 
leagues  In  length;  it  is  seven  leagues  from  tbe  main  land  and  sixty  from 
the  head  of  the  lake.  Nearly  all  around  tbe  island,  on  the  water's  edee, 
pieces  of  copper  are  found,  miied  with  pebbles,  but  especially  on  the  side 
which  is  opposite  the  south,  and  principally  In  a  certain  bay  which  is 
Dear  the  northeast  exposure  to  the  great  lake.  There  are  shores  "tous 
escarp^z  de  terre  glaize,"  and  there  are  seen  several  layers  or  beds  of  cop- 
per, one  over  the  othei,  separated  or  divided  by  other  beds  of  earth  or 
rocks.    In  the  water  Is  seen  copper  sand,  and  one  can  take  up  in  spoons 
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graiDsof  the  metal  big  as  an  acorn,  and  others  floeasBaDd.  iThis  des- 
cription probably  refers  to  Rock  harbor).  •  *  •  AdTaDcln(rto  the 
head  of  the  lake  and  returning  one  day's  Journey  by  the  south  coaet, 
there  Is  seen  la  the  edge  of  the  water  a  rock  of  copper  which  weighs  TOO 
or  600  pounds,  aod  is  so  hard  that  steel  can  hardly  cut  it;  but  when  it  Is 
heated  it  cuts  as  easily  as  lead.  Near  Point  Chagaouamlgon,  where  a 
mission  was  established,  rocks  of  copper  and  plates  of  the  same  metal 
were  found  on  the  shores  of  the  Islands. 

Last  spring  we  bought  of  the  savages  a  sheet  of  pure  copper,  two  feet 
square,  which  weighed  more  than  100  pounds.  We  do  not  believe,  how- 
ever, that  the  mines  are  found  on  these  islands,  but  that  the  copper  was 
probably  brought  from  Mlnong  (Isle  Boyale),  or  from  other  laiands.  by 
floating  Ice,  or  over  the  bottom  of  the  lake  by  the  Impetuous  winds,  which 
are  very  violent,  particularly  when  they  ome  from  the  northeast. 

Returning  still  towards  the  mouth  of  the  lake,  following  tbe  coast  on 
the  south,  at  twenty  leagues  from  the  place  last  mentioned,  we  enter  the 
river  called  Nantounagan  [Ontonagon),  on  which  la  seen  an  eminence 
where  stones  and  copper  fall  into  the  water,  or  upon  Uie  ^rth;  ther  are 
readily  found.       *       • 

Proceeding  still  further,  we  come  to  the  long  point  of  land  which  we 
have  compared  to  the  arrow  of  the  bow  (Keweenaw  point);  at  the  extrem- 
ity of  this  there  is  said  to  he  a  small  Island  which  is  said  to  be  only  six 
feet  square,  and  all  copperl  *  *  We  are  assured  that  copper  is  found  la 
various  places  along  the  southern  shore  of  the  lake. 

In  the  "Kelatious"  for  1670-71,  Pere  d'  Abloa  remarks  that 
"The  great  rock  of  copper  of  700  or  800  pounds,  and  which  all 
the  travelers  saw  near  the  head  of  the  lake,  besides  a  qnantitf 
of  pieces  which  are  found  near  the  shores  in  various  places, 
seem  not  to  permit  us  to  doubt  that  there  are  somewhere  the 
parent  mines,  which  have  not  been  discovered." 

Baron  la  Hontan  refers  to  mines  of  pure  copper  on  lake  Su- 
perior in  his  "Voyages  dans  I'Am^riqne  septentrionale,"  pub- 
lished in  1688. 

In  the  "Histoire  de  la  Nouvelle  Prance,"  by  Peter  Francois 
Xavier  Charlevoix  (Tome  IV,  p.  415)  is  another  account  of 
native  copper.  This  Jesuit  made  a  "tour  of  the  great  lakes" 
in  1721.  but  does  not  appear  to  have  visited  lake  Superior. 

Peter  Kalm,  a  Professor  of  "Oeconomie"  in  the  University 
of  Abo,  in  Swedish  Finland,  traveled  in  the  provinces  in  1748 
and  1749.  He  also  mentions  having  seen  masses  of  copper 
which  came  from  the  "Upper  Lake, "  and  were  brought  down 
by  the  Indians.  He  speaks  of  them  as  being  found  in  the 
ground  near  the  mouths  of  nvers  and  supposes  that  ice  or  wa- 
ter carried  them  down  the  sides  of  mountains.  (London  Sd., 
vol.  3,  p.  278.) 
The  first  attempt  at  modern  mining  appears  to  have  been  made 
by  Alexander  Henry,  an  Englishman,  who  came  to  North  Amer- 
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ica  soon  after  the  conqnest  of  Canada  by  tiie  British.  He  is 
said  to  have  been  attracted  by  the  accounts  given  by  Carver  in 
1765;  but  this  does  not  appear  to  be  the  case,  since  he  was 
here  about  the  same  time.  He  was  saved  at  the  massacre  of 
Fort  Mackinaw  by  an  Indian,  who  adopted  him  and  concealed 
him  in  a  cave  on  Mackinaw  island.  During  the  years  1765- 
1770  he  was  occupied  in  coasting  around  the  shores  of  lake 
Superior  looking  for  mineral  treasure.  In  his  "Travels,"  pub- 
lished in  New  York  in  1809,  he  mentions  the  mass  of  copper 
near  the  mouth  of  the  Ontonagon  river  (which  was  afterwards 
removed  to  Washington),  and  states  that  he  cutoff  from  it  with 
his  axe  a  portion  weighing  a  hundred  pounds.  He  passed  the 
winter  of  1767  at  Mlchipicoten  on  the  north  shore,  near  which 
point  he  discovered  numerous  pieces  of  "virgin  copper"  and  a 
vein  of  lead  ore.  In  1770  he  associated  himself  with  Messrs. 
Baxter  and  Bostwick  in  a  "company  of  adventurers  for  work- 
ing the  mines  of  lake  Superior."  They  built  a  barge  at  Point 
anx  Pins-,  and  laid  the  keel  of  a  sloop  of  forty  tons.  Early  in 
May,  1771,  they  sailed  for  the  island  of  yellow  sand,  where 
they  expected  to  find  gold,  and  make  their  fortunes;  but  Uiey 
found  nothing  -of  value.  The  miners  examined  the  coast  of 
Nanibojou,  and  found  several  veins  of  copper  and  lead,  after 
which  they  returned  to  Point  aux  Pins,  and  erected  an  air 
furnace.  "The  assayer  reported  on  the  ores  which  they  had 
collected,  stating  that  the  lead  ore  contained  silver  in  the  pro- 
portion of  forty  ounces  to  the  ton;  but  the  copper  ore  only  a 
very  small  proportion  indeed." 

Prom  Point  aux  Pins  they  crossed  over  to  Point  aux  Iroquois, 
where  Mr.  Norberg,  a  Russian  gentleman,  acquainted  with 
metals,  and  holding  a  commission  in  the  60tb  regiment,  and 
then  in  garrison  at  Michilimackinac,  accompanied  them  on  this 
latter  expedition.  Mr.  Norberg  found  a  loose  stone  weighing 
ei^ht  pounds,  of  a  blue  color  and  semi-transparent.  This  he 
carried  to  Sngland,  where  it  produced  in  the  proportion  of  60 
pounds  of  silver  to  a  hundred  weight  of  ore.  It  was  deposited 
in  the  British  Museum.  Henry  now  revisited  the  Ontonagon 
river,  where,  besides  the  detached  masses  of  copper  formerly 
mentioned,  he  saw  "much  of  the  same  metal  bedded  in  the 
stone."  They  built  a  house  and  sent  to  the  Sault  for  provis- 
ions. He  pitched  upon  a  spot  at  the  commencement  of  mining 
operations,  and  remarks  that  there  was  a  "green-colored  water 
which  tinged  iron  of  a  copper  color."  In  digging  they  fre- 
quently found  masses  of  copper,  some  of  which  were  three 
pounds  in  weight. 
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On  the  SOth  of  June,  1772,  the  miners  returned,  after  faaving 
passed  the  winter  at  the  Ontonagon.  Their  drift  had  caved  in 
during  a  thaw,  just  as  they  supposed  they  were  aboat  to 
come  upon  a  solid  vein  of  copper,  but  in  reality  just  on  the 
solid  red  sandstone.  Henry  claims  that  it  was  not  for  copper, 
but  for  silver,  that  their  company  was  formed,  and  that  they 
expected  to  find  it  mixed  with  either  the  copper  or  the  lead. 
In  the  summer  of  1773  Henry  and  his  crew  worked  in  solid 
roclc  on  the  north  shore,  drifting  into  a  vein  which  carried  some 
copper,  but  which  contracted  from  a  width  of  four  feet  to  as 
many  inches  in  the  distance  of  thirty  feet.  What  ore  they  had 
was  sent  to  England,  but  the  English  partners  had  had  enough, 
and  refused  to  contribute  further  to  the  expenses  of  the  en- 
terprise. Mr.  Henry  thus  describes  the  termination  of  affairs: 
"This  year,  therefore  (1774),  Mr.  Baxter  disposed  of  the  sloop 
and  other  effects  of  the  company,  and  paid  its  debts.  The 
partners  in  England  were,  his  royal  highness,  the  Duke  of 
Gloucester,  Mr.  Secretary  Townshend,  Sir  Samuel  Tuchet,  Mr. 
Baxter,  Consul  of  the  Empress  of  Russia,  and  Mr.  Cruick- 
shank.  In  America,  Sir  William  Johnson,  Mr.  Bostwick,  Mr, 
Baxter,  and  myself.  A  charter  had  been  petitioned  for  and  ob- 
tained, but  owing  to  our  ill  success  it  was  never  taken  from  the 
seal  office." 

COPPER  MINES. 

There  does  not  appear  to  have  been  any  mining  in  progress 
for  nearly  70  years  ^ter  the  efforts  made  by  Alexander  Henry. 
Indeed,  the  occurrence  of  copper  seems  to  have  been  almost 
forgotten,  and  was  only  casually  mentioned.  There  were  no 
explorations  made  of  any  sort,  looking  toward  the  development 
of  mines,  until  Douglass  Houghton  was  appointed  state  geolo- 
gist of  Michigan  in  March,  1838.  Even  then,  and  although 
he  must  have  been  familiar  with  the  facts  concerning  the  dis- 
tribution of  drift  copper,  from  his  former  explorations  made  in 
1831  and  1832,  yet  nothing  appears  to  have  been  done  toward 
investigating  the  copper  range  until  1840.  In  his  fourth  annual 
report,  submitted  February  1,  1841,  we  find  a  discussion  of  the 
general  prospects  for  profitable  mining,  including  a  description 
of  the  veins,  and  a  comparison  of  them  with  those  of  Corn- 
wall in  which  the  statement  is  made  (p.  58)  that  "After  as 
minute  an  examination  of  the  subject  as  circumstances  will  per- 
mit, I  am  led  to  the  conclusion  that  the  only  ores  of  the 
metallic  minerals,  occurring  in  those  portions  of  the  veins,  which 
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traverse  the  rocbs  last  alluded  to,  which  can  be  reasonably 
hoped  to  be  turned  to  practical  account,  are  those  of  copper." 
He  acknowled^s  that  he  was  inclined  to  regard  the  occurrence 
of  native  copper  as  an  unfavorable  indication  for  permanence 
in  mining  until  he  had  discovered  that  "that  feature  was  more 
or  less  universal  with  respect  to  all  the  veins."  He  expresses 
himself  in  conclusion  in  the  following  conservative  manner: 

Wbtle  I  am  fully  aatlsfled  tbat  the  mlnernl  dtstrlct  of  our  stAte  will 
prove  a  source  of  eveatual  and  steadily  Increasing  wealth  to  our  people, 
I  caoDot  fall  to  hare  before  me  the  fear  that  it  ma;  prove  the  ruin  of 
hundreds  of  adventurers,  who  will  visit  it  with  espectatlous  never  to  be 
realized.  The  true  resources  have  as  yet  been  but  little  examined  or 
developed,  and  even  under  the  most  favorable  circumstances  we  cannot 
expect  to  see  this  done,  but  by  the  most-  judlcloua  and  economlcat  expeu- 
dibure  of  capital,  at  thone  points  wbere  the  prospects  of  success  are  tbe 
most  favorable.  •  ♦  •  i  would  by  no  means  desire  to  throw  obstacles 
Id  the  way  of  those  who  mig'hl  wish  to  eoKage  In  the  business  of  mining 
this  ore,  at  such  time  as  our  government  may  see'  fit  to  permit  It,  but  I 
would  simply  caution  those  persons  who  would  engage  In  this  business  in 
the  hope  of  accumulating  wealth  suddenly  and  without  patient  Industry 
and  capital,  to  look  closely  before  the  step  is  taken,  which  will  most  cer- 
tainly end  In  disappolDtment  and  ruin. 

In  a  letter  written  by  Dr.  Houghton  to  Hoa.  Augustus  Porter, 
member  of  congress  from  Detroit,  replying  to  an  inquiry  in 
the  "National  Intelligencer,"  and  dated  December  26,  1840,  we 
find  substantial  proof  that  be  was  not  only  acquainted  with  the 
location  of  some  of  the  copper  veins,  but  tbat  he  had  actually 
gone  into  them  and  obtained  native  copper.  His  own  state- 
ments are  as  follows  (Bradish's  "Memoir  of  Douglass  Hough- 
ton," pp.  114-116): 

Ores  of  zlDC,  lead,  Iron  and  maganese  occur  in  the  vicinity  of  the  south 
shore  of  Lake  Superior,  but  I  doubt  whether  these,  unless  It  be  zinc  aod 
iron,  are  in  sufficient  abundance  to  prove  ot  much  Importance.  Ores  of 
copper  are  much  more  abundant  than  either  of  those  before  mentioned, 
and  a  sufflcieot  examination  of  them  has  been  made  to  satisfy  me  that 
they  may  tx  made  to  yield  an  abundant  supply  ot  the  metals.  I  do  not 
mean  by  this  that  tbe  copper  la  to  be  found  In  tbat  region,  as  is  the  pop- 
ular opinion,  pure  and  without  labor,  but  that  capital  may  be  safely 
invested  in  raising  and  smelting  of  these  ores  with  profit  to  the  capital- 
ist. •  "  •  The  veins  of  ore  traversing  the  miueral  district  ot  Lake 
Superior,  in  those  portions  I  have  examined  closely,  are  of  very  frequent 
occurrence,  and  range  from  a  few  inches  to  fourteen  feet  in  width.  I  do 
not  now  recollect  (Twrlte  without  a  reference  to  field  notes)  that  I  traced 
any  of  those  veins  over  a  mile  In  length,  and  most  of  them  less.  •  •  • 
I  brought  from  Lake  Superior,  on  my  return  to  Detroit  this  fall,  from 
tour  to  Sve  loos  of  copper  ores  and  am  now  busily  engaged  In  making  an 
analysis  of  them.  Thus  far  they  have  proved  equal  to  any  ores  I  have 
ever  seen,  and  their  value  for  purposes  of  reduction  cannot  be  doubted. 
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Tbe  aTerage  per  cent,  of  metal  is  conalderably  above  that  of  tbe  ores  of 
Cornwall.  While  epeaklag  of  the  ores  I  am  reminded  of  the  beautiful 
epecfmen§  of  native  copper  which  came  out  with  the  ores  In  opening 
some  of  tbese  veins.  They  are  not  very  abundant,  but  some  of  tbem  are 
Terr  flis-  ^°  openinfT  a  vein,  with  a  single  blast  I  threw  out  nearly  two 
tons  of  ore,  and  with  this  were  many  masses  of  native  copper,  from  tbe 
loost  minute  specks  to  about  forty  pounds  In  weight,  which  was  tbe 
largest  mass  1  obtained  from  that  vein.  Ores  of  silver  occaaloDally  occur 
wtlb  tbe  copper,  and  in  opening  one  vein  small  specks  of  native  sliver 
were  observed.  There  are  as  yet,  however,  no  evidences  of  the  existence 
of  this  metal  In  fiufflcient  abundance  to  be  of  practical  value.  «  •  *  I 
bope  to  see  the  day  when  instead  of  importing  the  whole  of  the  immense 
amount  of  copper  and  brass  used  in  our  country  we  may  become  exporters 
of  both. 

Dr.  HoughtoD  did  Dot  mention  in  his  annual  reports  tbe  loca- 
tion of  any  of  the  veins  which  he  discovered,  with  one  excep- 
tion, viz.,  that  of  tbe  green  silicate  of  copper  at  Copper  Har- 
bor. The  land  had  not  at  that  time  been  thrown  open  for  set 
tlement  or  even  for  exploration,  and  be  was  undoubtedly 
reserving  the  details  for  publication  in  his  final  report,  which 
he  did  not  live  to  complete,  owing  to  bis  untimely  death  by 
drowning  in  lake  Superior,  during  a  snow  storm  and  gale 
near  Eagle  river,  on  October  13.  1845. 

His  official  report,  however,  called  attention  to  the  possibili- 
ties of  the  region;  and  the  cession  of  tbe  land  to  the  United 
States  by  the  Cbippewas,  which  was  ratified  March  12,  1843, 
was  the  signal  for  the  commencement  of  a  speculative  erase 
which  lasted  for  three  years,  and  completely  justified  the  fears 
expressed  by  Dr.  Houghton  in  anticipation. 

Credit  for  first  calling  attention  to  the  copper  range  in  a  gen- 
eral way  and  for  recommending  its  development  must  thus  be 
given  to  Douglass  Houghton.  To  Charles  T.  Jackson,  however, 
undoubtedly  belongs  further  credit  for  personally  examining 
at  a  very  early  date  and  approving  or  condemnig  many  of  the 
veins  which  were  afterwards  wl^rked.  We  all  know  that  the 
first  mines  were  not  in  the  conglomerate  as  at  present,  but  in 
true  fissure  veins  which  crossed  the  conglomerate  and  inter- 
leaved amygdaloidal  trap  sheets  in  several  systems.  In  these 
veins  the  copper  (with  a  little  silver)  usually  occurs  native  in 
masses  of  all  sizes  up  to  a  thousand  tons.  The  copper  itself  is 
90  to  95  per  cent,  pure,  and  is  believed  to  owe  its  origin  to  elec- 
tro chemical  action  which  replaced  portions  of  both  the  amyg- 
daloid and  conglomerate.  In  his  report  for  1849  Jackson  dis- 
tinctly states  his  claims  for  priority  of  discovery  of  the  value 
of  these  veins.    His  first  explorations  were  made  in  thesammer 
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of  1844,  ■while  in  the  employ  of  Hon.  David  Henshaw,  who  ac- 
compaoied  him  to  Keweenaw  point  "for  the  purpose  of  esam- 
iniag  the.  country  for  copper."  The  linear  survey  had  not  at 
that  time  reiiched  any  portion  of  the  so-called  mineral  lands, 
and  Keweenaw  point  presented  an  unbroken  wilderness.  There 
was,  however,  already  a  crew  of  miners  at  work  for  the  Lake 
Superior  Mining  company  (which  thus  seems  to  have  been  the 
first  incorporated  organization  in  the  field)  and  an  encampment 
of  United  States  soldiers. 

These  facts  are  mentioned  by  Jiuskson  (loc  cit.,  p.  886),  who 
farther  states  that,  although  up  to  that  time  no  such  phenom- 
ena as  veins  of  native  copper  had  been  known  to  exist  and  it 
would  even  have  been  '  'hazardous  to  the  repntation  of  any  geol- 
ogist, who  was  not  prepared  to  demonstrate  the  fact,  to  de- 
clare his  belief  in  the  practicability  of  mining  for  native  copper;" 
yet  in  his  first  surveys  on  lake  Superior  (1844)  he  took  "care 
to  collect  ample  proofs  of  the  existence  not  only  of  true  veins 
of  native  copper,  but  also  to  prove  the  extent  of  the  veins  (as 
far  as  possible  by  surface  observations)  and  that  they  became 
richer  as  they  descended  into  the  rocks." 

He  then  proceeds  to  give  the  history  of  the  first  operations 
as  follows  (pp.  386-887): 

The  0017  houses  which  had  beeo  erected  were  the  office  of  governmeDt 
mineral  agenoj  of  General  Waltrei  CuDainghaiD,  at  Porter's  Island,  Cop- 
per Harbor,  and  a  rude  log  hut.  built  by  Charles  Gratiot,  Esq.,  at  Eagle 
Harbor,  for  the  acoommodatton  of  his  party  of  explorers.  Not  a  road  or 
trail  existed  anywhere  on  the  point,  and  the  tangled  growth  of  spruce 
and  white  cedar  ohslructed  the  banks  of  the  streams  and  the  coast,  giv- 
ing a  most  unpromising  appearance  to  the  country,  and  oflerlag  great  dif- 
ficulties In  the  exploration  of  those  regions  which  were  considered  most 
likely  to  eipnse  the  metalliferous  veins.  Numerous  pits  had  been  sunk 
at  random,  in  the  soil  and  roclcs  at  Eagle  Harbor,  by  the  miners  under  the 
direction  of  Mr.  Gratiot;  but  nothing  considered  worthy  the  attention  of 
capitaHats  had  been  discovered,  and  the  miners  were  about  to  leave  the 
country.  Mr.  De  Ganno  Jones,  of  Detroit,  had  sent  up  Mr.  C.  C.  Doug- 
lass to  aid  Mr.  Gratiot  in  exploring  the  country,  and  he  was  associated 
with  me  In  my  labors,  proving  a  very  efficient  assistant.  Hr.  Frederick 
W.  Davia  and  Mr.  Joseph  S.  Kendall  accompanied  ste,  and  assisted  In  ex- 
ploring the  country  for  minerals. 

It  Is  well  known  that  the  results  of  my  ezamlnatiou  of  the  mineral 
lands  on  Keweenaw  Point  were  the  establishment  of  the  fact  that  naUoe 
copper  aiid  native  tUoer  existed  there  in  reguiar  uetns,  kMcK  could  be  advan- 
tageously KTOugJU  by  mining  operations;  and  that  in  consequence,  the  capi- 
talists of  the  eastern  States  began  the  enterprises  which  have  resulted  In 
the  demoDstratiuo  of  the  practicability  of  mining  profltably  for  copper 
and  silver  on  Keweenaw  Point.  I  selected  the  best  veins  for  the  eatab- 
Hshmentof  permanent  works, collected  and  analyzed  the  ores,  discovered 
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Ibe  nature  of  all  the  miDerals  accompanying  the  copper  aod  silver  veins, 
and  published  a  brief  report  of  my  researches. 

lu  18451  was  again  sent  to  lake  Superior,  and  then  explored  other  veins, 
and  pointed  out  the  superiority  of  the  metallic  lodes  over  those  of  the  orts 
Cff  copper^B,  result  quite  contrary  to  the  general  opinion  of  miners  and 
geolofflsts,  but  which  has  beea  most  fully  sustained  by  subsequent  exper- 
ience. As  was  anticipated  by  me,  the  green  sllicaie  and  black  oxide  of 
copper  at  Copper  Harbor  soon  gave  out  and  was  abandoned.  The  Bos- 
ton and  Pittsburg  Mining  Company  transferred  their  miners  from  that 
place  to  the  metallic  copper  lode,  which  I  bad  surveyed  la  company  with 
Mr.  Whitney,  at  the  cliff,  on  the  soutbwest«rn  branch  of  E^le  river. 
This  mine  is  well  known  as  one  of  the  wonders  of  the  world,  affording 
the  largest  masses  of  copper  which  have  ever  been  seen,  and  yielding  a 
considerable  amount  of  native  silver,  I  again  surveyed  those  veins  I  had 
explored  in  1844,  and  advised  the  opeaini;  of  a  mine  at  a  place  which  I 
named  Copper  Falls,  Operations  were  forthwith  commenced  at  this 
place,  and  a  new  company  was  formed  by  the  division  of  the  Lake  Supe- 
rior Uining  Company.  This  mine  is  still  In  operation  and  has  ^veo 
promising  results.  The  Lake  Superior  Mining  Company  sold  out  their 
rights  to  the  veins  at  Eagle  Harbor,  opened  mines  on  the  borders  of  Ea- 
gle river  in  1844  and  continued  their  operations  for  some  years  at  that 
place. 

The  foregoing  rather  copious  quotatioDS  have  been  made  for 
the  purpose  of  showing  the  grounds  for  the  claim  that  more 
credit  belongs  lo  Jackson  than  has  usually  been  accorded  to 
him  in  the  literature  of  the  copper  regions.  Further  accounts 
of  his  explorations  may  be  found  in  the  report  mentioned. 

There  were  several  other  explorers  in  the  district,  at  this 
early  dale,  whose  names  are  on  record.  The  vein  afterwards 
known  as  the  Copper  Falls  mine  was  discovered  by  Joseph 
Hempstead  and  C.  C.  Douglass  in  1844  and  immediately  visited 
by  Jackson.  It  was  on  lands  held  under  lease  by  the  Lake 
Superior  Copper  company. 

Whitney  speaks  as  follows  of  the  discovery  of  the  CllfF  mine, 
t>elonging  to  the  Pittsburg  and  Boston  Mining  company.  (Met- 
al Wealth,  p,  275). 

The  discovery  and  opening  of  this  mine  formed  an  era  In  the  hUtory  of 
lake  Superior  and  are  also  of  high  interest  to  the  country,  as  it  was  the 
first  mine  in  the  United  States,  those  of  coal  and  Iron  excepted,  system- 
atically and  extensively  wrought,  and  at  the  same  time  with  proflt-  Be- 
sides this,  it  has  a  peculiar  importance  as  being  opened  on  a  vein  bearing 
copper  exclusively  In  the  native  state,  a  feature  entirely  unknown  in  llie 
history  of  mining  previous  to  the  discoveries  on  lake  Superior.    •   •  • 

During  the  summer  of  1843  a  Hr.  Raymond  made  certain  locatioDS  ia 
the  lake  Superior  region,  for  which  he  obtained  leases,  three  of  wbicli  he 
disposed  of  to  parties  In  Pittsburg  and  Boston,  who  commenced  mlatDS 
In  the  summer  of  1844.  The  first  location  was  made  at  Copper  Harbor, 
where  the  outcrop  of  a  cupriferous  vein  on  what  Is  now  called  Hays'^ 
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Point,  was  a  coDsplcuous  object,  koowu  to  the  "voyageura"  as  "the  greea 
rock,"  aad  bad  glveD  a  Dame  to  that  beautiful  harbor  loug  before  It  be- 
came the  center  of  the  copper  excitement.'  A  little  work  was  done  here 
la  the  autumn  of  1S44,  but  on  clearing  away  the  ^rround  on  the  opposite  . 
side  of  the  harbor,  where  Fort  Wllklns  now  stands,  numerous  traulders  of 
black  oiclde  of  copper  were  found,  evidently  tielonglng  to  a  vein  near  ^t 
band,  which  was  discovered  In  December,  and  proved  to  be  a  continuation 
of  the  one  before  worked  on  Hays's  Foinb. 

Mining  was  commenced  here  Immediately;  two  shafts  were  Bank,  about 
a  hundred  feet  apart,  and  considerable  black  oxide  of  copper  taken  out, 
mixed  with  the  silicate.  This  was  very  remar!:able,  as  it  Is  thus  far  the 
only  known  Instance  of  a  vein  coatalniog  this  as  the  principal  ore,  or  Id 
any  other  form  than  as  an  impure  mass,  mixed  with  the  Bulphuret  of  cop- 
per and  oxides  of  Iron  and  manganese,  and  resulting  from  the  decompo- 
sition of  the  common  ore,  copper  pyrites.  This  proved,  however,  unfor- 
tunately to  lie  only  a  rich  bunch  in  the  vein  of  limited  extent,  and  which 
gaveout  atthedeptb  of  a  few  feet,  although  the  fissure  continued.  The 
workings  were  entlrelyconfined  to  the  conglomerate,  which  at  that  time 
was  supposed  to  be  as  favorable  to  the  development  of  tbe  vein  as  any 
other  rock.  The  gangue  associated  with  tbe  black  oxide  was  principally 
calc  spar,  and  some  argillaceous  and  quartzose  matter  Intermixed.  Fine 
crystals  of  analcime  were  found  connected  with  it.  Crystallized  red  oxide 
and  native  copper  i^ere  also  obtained  In  fine  specimens.  About  thirty  or 
forty  tons  of  black  oxide  were  obtained  In  all,  and  sold  for  $4,&00.  The 
main  shaft  was  continued  down  120  feet,  and  levels  driven  each  way  for 
some  distance  without  striking  another  bunch  of  ore,  so  that  In  1646  tbe 
attention  of  the  company  began  to  be  turned  lo  exploring  their  extensive 
property,  and.  In  Augnst  of  that  year,  tbe  CDS  Yeln  was  discovered  by  a 
party  of  explorers  under  the  direction  of  a  Mr.  Cheny. 

The  vein  was  first  observed  on  the  summit  and  face  of  a  bluff  of  crys- 
taUlne  trap,  rising  with  a  mural  front  to  a  height  of  nearly  200  feet  above 
the  valley  of  the  Eagle  river  at  Its  base.  The  break  or  depression  made 
by  It  in  tbe  back  of  the  ridge  was  quite  distinct,  and  has  since  been  traced 
to  the  lake  and  found  marked  by  ancient  excavations.  Atthe  summit  of 
the  bluff,  as  I  saw  it  a  few  days  after  Its  discovery.  It  appeared  to  be  a  few 
inches  wide, and  contained  native  copper  and  specks  of  sliver  beautifully  In- 
crusted  wlthcaplllaryredoxlde,wlthagaDgueof  prehnite.  Half  way  down 
the  cliff,  it  had  expanded  out  to  a  width  of  over  two  feet,  and  consisted 
of  numerous  branches  of  laumonlte,  with  a  small  percentage  of  metallic 
copper  finely  disseminated  through  it.  Of  coursb,  at  this  time,  nothing 
whatever  was  known  of  the  varying  characterof  the  lode  In  different  beds 
of  rociL  nor  bad  the  trap  been  supposed  by  the  miners  to  he  tbe  principal 
metalliferous  rock.  It  Is  now  known  tbat  tbe  vein  could  not  be  worked 
with  profit  In  the  rockinwhlcb  It  was  discovered,  namely,  thecFTStalline 
trap  or  greenstone,  as  no  vein  has  yet  proved  sufflciently  metalliferous 
In  tbat  belt  of  rock  to  t>e  profitably  mined. 

Without  knowing  anything  of  the  entire  change  In  tbe  character  of  the 
rock  which  takes  place  at  tbe  base  of  the  cliff,  where  there  was  a  heavy 
accumulation  of  fragments  of  rock  dislodged  from  above,  and  suspecting 
as  little  as  any  one  else  tbe  unprecedented  discoveries  about  to  be  made 
in  the  metalliferous  bed  beneath,  I  advised  the  clearing  away  and  open- 
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fog  of  the  vein  at  as  low  a  point  as  possible,  because  ft  appeared  to  widen 
out  and  Improve  to  deptb.  A  ehaft  wai^  sunk  a  few  feet,  a  Utile  below 
tbe  edge  of  the  bluff,  aod  a  leVel  driven  into  the  greenstone  a  eboit  dis- 
tance, but  Dotblng  was  done  of  Importance  until  the  talus  at  the  base  of 
thecUfF  was  cleared  away. and  the  vein  traced  Into  the  amygdaloid.  A 
le.vel  was  then  driven  In  upon  it,  and,  at  a  depth  of  10  feet,  the  first  mass 
of  copper  was  struck,  a  discovery  of  tbe  greatest  interest,  since  It  revealed 
the  presence  of  a  metalliferous  belt  whose  existeacfi  had  not  before  been 
suspected,  and  showed  the  extension  of  the  lodes  of  lake  Superior  into 
belts  of  rock  of  different  titfaologlcal  character  and  the  variations  In  rich- 
ness attendant  on  such  transitions. 

It  may  be  mentioned  in  passing  that  this  mine  paid  diTidends 
of  aboat  a  quarter  of  a  million  of  dollars  between  1849  and 
1856. 

The  following  account  is  given  by  Whitney  of  the  Phce&ix 
Mining  company: 

This  company,  as  originally  constituted  February  22, 1644,  was  poases- 
sed  of  seven  three-mile-square  teases  on  Keweenaw  Point.  It  was  the 
first  organlied  company  of  the  Lake  Superior  region,  and  was  called  the 
"Lake  Superior  Copper  Company."  Its  stock  was  divided  Into  IKK)  shares 
ol  which  the  proprietors  of  the  leasee  received  400  unassessable  for  their 
Interest.  The  first  superintendent  was  G.  H.  Qratlot,  who  bad  prevloosly 
engaged  In  digging  lead  In  Wisconsin.  The  seven  locations,  embracing 
over  40  square  miles,  were  nearly  all  situated  In  the  very  richest  portion 
of  the  mineral  region. 

During  the  summer  of  1844,  Dr.  C.  T.  Jackson  examined  several  veins 
which  had  been  discovered  on  the  property  by  C.  C.  Douglass  and  others, 
and  under  his  direction  work  was  commenced  October  22, 1644,  on  Eagle 
river,  near  the  place  now  known  as  the  "Old  Phoenix  Mine",  and  carried 
on  through  the  year  1845,  and  a  stamping  milt  and  crushing- wheels,  of  a 
kind  suitable  for  grinding  drugs,  were  erected,  but  soon  proved  to  be  en- 
tirely unserviceable.  Up  to  Hareh  31,  1S49,  when  the  Phoenix  Company 
was  organized  and  took  possession  of  the  Lake  Superior  Company's  prop- 
erty, the  latter  company  had  expended  8105,833.40,  of  which  about  half 
was  probably  for  actual  mining  work,  but  they  had  done  little  or  nothing 
towards  developing  the  value  of  the  property.  The  principal  shaft  was 
sunk  OD  a  "pocket"  of  copper  and  silver,  without  any  signs  of  a  regular 
vein,  which  soon  gave  out  entirely. 

The  news  of  these  discoveries  attracted  people  from  all  parts 
of  the  land.  The  excitement  increased  rapidly,  and  soon  the 
craze  was  in  full  blast  It  is  thus  described  by  Whitney  in  his 
Metallic  Wealth  of  the  United  States  (p.  249) : 

lo  184S  many  hundred  "permits"  or  rights  to  select  and  locate  on  tracts 
of  land  for  mining  purposes,  were  Issued  by  the  government,  and  377 
leases  were  granted.  Most  of  the  tracts  covered  by  these  were  taken  at 
random,  and  without  any  explorations  whatever;  Indeed  a  large  portion 
of  them  were  on  rocks  which  do  not  contain  any  metalliferous  veins  at 
all,  or  In  which  the  veins,  when  they  do  occur,  are  not  found  to  be  pro- 
ductive. 
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Iq  1846  the  excitement  reached  Its  clltnax;  tbe  apeculatloos  ia  stocks 
were  continued  as  Iodk  as  it  was  possible  to  find  a  purchaser,  and  a  serious 
lolury  was  Inflicted  oa  the  mining  interests  of  the  country  by  the  unprin- 
cipled attempts  to  palm  off  worthless  property  as  containing  valuable 
veins.  But  in  1847  the  bubble  had  burst,  and  the  country  was  almost  de- 
serted. Only  hair  a  dozen  companies,  out  of  all  that  bad  beea  formed, 
were  actually  engatted  Id  mining. 

The  Issue  of  permits  and  leases  having  been  suspended  In  1646  as  Ille- 
gal, Congress  passed,  In  1847,  an  Act  authorizing  tbe  sale  of  the  mineral 
lands  and  a  geological  survey  of  tbe  district.  In  tbe  meantime,  while 
this  survey  was  going  on,  the  companies  which  had  continued  their  opei^ 
atlon  made  considerable  progress,  new  ones  were  formed,  and  lands  were 
purchased  by  them  after  bona  fide  explorations  and  discoveries  of  veins; 
tbe  position  and  character  of  the  really  metalliferous  rocks  began  to  be 
known,  and  confidence  was  gradually  restored.  At  the  time  of  the  com- 
pletion of  the  geological  survey,  Id  1850,  and  the  publication  Id  the  fol- 
lowing year,  of  maps  of  the  whole  region,  on  wbich  the  raone  and  extent 
of  the  geological  formations  were  laid  down,  copper  mining  in  tbe  Lake 
Superier  district  had  become  established  on  a  firm  tiasis  and  was  rapidly 
developing. 

The  discoveiy  of  the  metalliferous  character  of  the  conglomerate  was 
made  by  E.  J.  Hulbert,  John  Hulbert  and  Amos  H.  Scott  about  the  flntt 
of  September,  1864.  The  pit  was  located  by  Mr.  E.  J.  Hulbert,  who  claims 
to  have  t)eeD  fully  convinced  that  tbe  exploration  would  result  as  )t  did. 
This  was  a  most  important  discovery  and  one  which  altered  tbe  entire 
character  of  mining  on  Keweenaw  point.  It  was  the  l>egiDnlngof  tbe 
present  regime  as  contrasted  with  that  in  which  the  veins  were  wrought 
for  mass  copper. 

IRON  ORE. 

Iron  ore  was  discovered  in  Nova  Scotia  in  1604,  even  before 
tbe  earliest  reports  of  copper  from  the  Lake  Superior  country. 
The  discovery  was  reported  by  the  Sieur  de  Moats,  Lieutenant 
Gieneral  of  Ax^adia,  appointed  by  Henry  IV  of  France.  In  the 
province  of  Quebec  iron  ore  was  found  in  1667;  and  in  Ontario 
about  1800.  Tbe  first  iron  furnace  in  Canada  was  established 
at  Three  Rivers,  near  Quebec,  about  1630,  and  is  the  one  men- 
tioned by  Kalm,  in  the  work  already  quoted. 

The  reports  of  Dr.  Houghton  and  bis  assistants  C  C.  Doug- 
lass and  Bela  Hubbard,  for  the  years  1839  and  1840,  and  the 
reports  of  David  Dale  Owen  for  tbe  same  years,  contain  refer- 
ences to  iron  ores  of  recent  geological  age  in  the  southern  part 
of  Michigan  and  Wisconsin.  Houghton  must  even  have  had 
some  knowledge  of  iron  ores  in  tbe  metamorphic  rocks  of  the 
Upper  Peninsula,  for  in  his  report  for  1841  he  says:  "Althoiigb 
hematite  ore  is  abundantly  disseminated  through  all  the  rocks 
of  the  metamorphic  group,  it  does  not  appear  in  sufficient  quan- 
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tity  at  any  one  point  that  has  been  examined  to  be  of  practical 
importance."  On  this  quotation  Brooks  remarks  (G«ol.  Snr. 
Mich.,  1869-73,  Vol.  1,  p.  11): 

At  this  date  Dr.  Houghtoo  had  traversed  the  south  shore  of  lake  Supe- 
rior five  times,  la  a  small  boat  or  canoe,  no  geological  iDTesLigatlotis.  It 
Is  therefore  probable  that  up  to  1S41  no  lodian  traditions  worthy  of  cre- 
dence In  regard  to  large  deposits  of  iron  ore,  had  come  to  bis  knowled))^. 
As  there  are,  so  far  as  known,  no  considerable  outcrops  or  iron  ore,  which 
come  nearer  than  seven  miles  to  the  shore  of  the  lake.  It  is  plain  that  In- 
TestigatloDS,  based  on  observations  taken  along  the  shore  ooly,  could 
bave  deternalned  no  more  than  Its  probable  existence,  which  Is  plainly 
indicated  in  the  extracts  given.  Dr.  Hon(;htoa  was  not  aware  of  the  ex- 
istence of  iron  ore  Id  quantity  until  the  return  of  Hr.  Burt's  party  of  sur- 
veyors to  Detroit  in  the  fall  of  1841,  his  examinations  in  the  interior  of 
the  country  having  been  confined  to  the  copper  region.  Attention  at 
that  early  period  was  entirely  directed  to  searchiog  for  ores  of  more  value 
than  iron,  and  It  Is  worthy  of  remarlc,  that  the  Jackson  and  Cleveland 
Iron  Companies,  which  were  the  first  two  organized,  wore  formed  to  mine 
copper,  sliver  and  gold. 

MARQUETTE    RANGE. 

The  actual  discovery  of  iron  ore  was  made  by  Wm.  A.  Burt, 
United  States  depnty  surveyor  under  the  direction  of  Dr. 
Houghton,  who  bad  taken  the  contract  to  finish  the  linear  sur- 
vey and  unite  with  it  geological  observations  of  the  country 
traversed.  In  1845  Mr.  Burt's  party,  consisting  of  Wm.  Ives, 
compass-man;  Jacob  Houghton,  barometer  man;  H.  Mellen,  R. 
8.  Mellen,  James  King  and  two  Indians,  John  Taylor  and 
Michael  Doner,  was  engaged  in  establishing  township  lines  and 
making  geological  observations  in  the  manner  described. 

On  the  19th  of  September,  while  running  the  east  line  of 
township  47  N.,  range  27  W.,  nsingthesolar  compass  invented 
by  Mr.  Burt,  remarkable  variations  in  the  direction  of  the 
needle  were  noticed.  In  this  connection  Mr.  Jacob  Houghton, 
one  of  the  party,  says: 

At  length  the  compass-man  called  for  'all  to  come  and  see  a  variation 
that  win  beat  them  all.'  As  we  looked  at  the  Instrument,  to  our  aston- 
ishment the  north  end  of  the  needle  was  traversing  a  few  d^rees  to  the 
south  of  west.  Mr.  Burt  called  out,  'Boys,  look  around  and  see  what  yon 
can  find r  We  all  left  the  line,  some  going  to  the  east  and  some  to  the 
west,  and  all  of  ua  returning  with  specimens  of  Iron  ore,  mostly  gath- 
ered from  outcrops.  This  was  along  the  first  mile  from  Teal  lake.  We 
carried  out  all  the  specimens  we  could  conveniently. 

A  year  later  Mr.  Burt  made  the  following  statement  (Jack- 
son's Report,  1849.  Part  III,  p.  852): 

The  fuurtfen  beds  of  iron  ore  above  described  are  the  moat  Important 
oresof  iron,  for  quantity  and  quality,  discovered  within  the  boundaries 
of  this  survey.    *    *    *  .  It  may  be  reasonably  Inferred  that  nut  more 
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thaa  one-seTeDtb  of  tbe  number  of  Iron  ore  beds  were  aeen  during  the  sur- 
vey of  the  township  lines;  and  If  this  district  of  townships  be  subdivided 
with  care  Id  reference  to  mines  and  minerals,  six  times  as  many  more  will 
probably  be  found.  If  this  view  of  the  Iron  realon  of  the  ITortbeTO  Penin- 
sular of  Michigan  be  correct.  It  far  excels  any  other  portion  of  the  United 
States  In  the  abundance  and  good  qualities  of  its  iron  ores. 

Mr.  Bela  Hubbard  made  a  report  "upon  the  geology  and 
topography  of  the  district  south  of  lake  Superior,  subdivided 
in  1845  under  the  direction  of  Douglass  Houghton,  deputy  sur- 
veyor" (Jackson's  Keport,  supra  dt..  p.  833).  He  makes  the 
following  statements: 

The  largest  extent  of  ore  noticed  is  in  township  47,  range  26,  near  the 
the  corner  of  sections  26,  30,  31  and  32.  There  are  here  two  large  beds  or 
hills  of  ore,  made  up  almost  entirely  of  granulated,  magnetic  or  specular 
iron,  with  small  quantities  of  spathose  and  micaceous  iron.  The  more 
northerly  of  these  hills  extends  In  a  direction  nearly  east  and  west  for  at 
least  oue-fuurth  of  a  mile,  and  has  a  breadth  of  little  less  than  1,000  feet; 
the  whole  of  which  forms  a  single  massof  ore,  with  occasional  thiu  strata 
of  Imperfect  chert  and  jasper,  and  dips  M.  10"  E.  about  30".  At  Its  south- 
erly outcrop,  the  ore  Is  exposed  _ln  a  low  cllS,  above  which  the  hill  rises 
to  the  helghtot  twenty  or  thirty  feet  above  the  country  on  the  south. 
•  •  ♦  This  bed  of  Iron  will  compare  favorably,  both  for  exteot  and 
quality,  with  any  known  in  our  country. 

As  to  the  discovery  of  the  Jackson  deposit,  which  was  the 
first  to  be  mined  in  the  Lake  Superior  region,  we  may  quote 
from  the  letter  from  P.  M.  Everett  to  Capt.  G.  I>.  Johnson, 
dated  Jackson,  Mich.,  1845,  and  contained  in  Brooks'  report: 

I  left  here  on  the  23d  of  July  last  and  was  gone  until  the  24th  of  Oc- 
tober. •  •  ■  I  had  considerable  difficulty  In  getting  any  one  to  Join 
me  Id  tbe  enterprise,  but  I  at  last  succeeded  lu  forming  a  company  of 
thirteen.  I  was  appointed  treasurer  and  agent  to  explore  and  make  lo- 
catloDA,  for  which  last  purpose  we  bad  secured  seven  permits  from  the 
Secretary  of  War.  I  took  four  men  with  me  from  Jackson  and  hired  a 
guide  at  the  Sault,  where  I  bought  a  boat  >uid  coasted  up  the  lake  to  Cop- 
per Harbor,  which  Is  over  3O0  miles  from  the  Sault  Ste.  Harle.  •  ■  ■ 
Ve  made  several  locations,  one  of  which  we  called  Iron  at  the  time.  It 
lu  a  mountain  of  solid  Iron  ore,  150  feet  high.  The  ore  looks  as  bright  aa 
a  bar  of  iron  Just  broken.  Since  coming  home  we  have  bad  some  of  It 
smelted,  and  Bnd  that  it  produces  Iron  and  something  resembling  gold 
— S'ime  say  it  Is  gold  and  cupper.  Our  location  is  one  mile  square,  and  we 
shall  send  a  company  of  men  up  In  the  spring  to  begin  operations;  our 
company  Is  called  the  Jackson  Ulnlng  Company.  The  actual  discovery 
of  tbe  Jackson  location  was  made  byS.T.Carrsnd  E.  S.  Bockwell,  mem- 
bers of  Everett's  party,  who  were  guided  to  the  locality  by  an  Indian 
chief  named  Hanjekljlk.  The  superstition  of  the  savage  not  allowing 
him  to  approach  the  spot,  Hr.  Carr  continued  the  search  alone,  resulting 
In  the  discovery  of  the  outcrop,  which  he  describes  as  Indicated  In  Hr- 
Bverett's  letter.  Previous  to  the  discovery  he  was  led  to  suppose  from 
the  Indian's  description,  that  he  would  find  silver,  lead,  copper  or  some 
other  metal  more  precious  than  Iron,  as  It  was  represents!  to  be  "bright 
and  sh lay."  <L> 
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July  23,  1845,  articles  of  asEoclatloD  of  the  Jackson  Hloing  Oompan; 
were  executed  at  JacksoD,  Mich.,  and  tay  these  articles  Abram  V. 
Berry  was  appointed  the  flrat  President,  Frederick  W.  Klrtland  Secretary, 
Pbilo  M.  Everett  Treasurer,  and  tieorge  W.  Oarr  and  Wm.  A.  Ernst  Trus- 
tees. ■  •  •  Tbe  location  waq  secured  by  the  permit  issued  to  James 
Oanson  and  was  described  by  metes  and  bounds,  commeneingat  a  certain 
large  pine  tree,  the  position  of  whtcb  was  fluted  by  its  course  and  distance 
from  the  corner  of  Teal  lake.  When  the  land  was  surveyed  It  was  bought 
atS2.50per  acre. 

The  Oleveland  Mining  company  was  organized  in  the  follow- 
ing year,  the  location  having  been  discovered  by  Mr.  Abram 
V.  Berry,  and  obtained  by  Dr.  Dassels  of  Cleveland.  In  1846 
Fairchild  Ferrand  explored  the  Jack&on  location  and  mined 
some  ore.  The  Jackson  company  erected  a  forge  in  1847  on 
the  Carp  river,  three  miles  east  of  the  mine,  under  the  super- 
intendency  of  Wm.  McNair,  and  the  first  iron  was  made  Feb- 
ruary 10,  1848,  by  A.  N.  Barney.  In  1850,  Mr.  A  L.  Craw- 
ford, proprietor  of  iron  works  at  Newcastle,  Pa.,  took  about 
five  tons  of  Jackson  ore  to  Pennsylvania,  and  worked  it  up. 
Two  years  later  a  larger  amount  was  taken  to  Sharon,  Pa.,  by 
general  Curtis,  who  visited  lake  Superior  for  the  purpose  of 
securing  better  ore  for  his  furnaces.  In  1872  about  70  tons 
were  sent  to  Sharon;  and  in  1856  was  made  the  first  regular 
shipment,  amounting  to  5,000  tous. 

The  deposit  of  iron  ore  at  Republic  appears  to  have  been 
first  discovered  by  J.  W.  Foster  and  S.  W.  Hill  in  the  fall  of 
1848.  In  the  report,  presented  by  C,  T.  Jackson,  of  an  explor- 
ation of  the  country  lying  between  lake  Superior  and  Green 
bay  is  found  the  following  statement  by  Mr.  Poster  (loo.  cit, 
p.  775): 

After  leaving  the  lake  we  saw  do  exposure  of  tbe  rocks  unttl  we  ar- 
rived at  tbe  north  part  of  township  46,  ranges  29  aud  30.  The  river  here 
forms  a  lake-like  expansion,  and  is  bounded  on  the  northeast  by  a  range 
of  hills  which  rise  abruptly  to  tbe  height  of  nearly  two  hundred  feet 
above  the  water. 

We  explored  this  ridge  on  section  1.  township  46,  range  30,  and  found 
that  It  was  composed,  for  the  most  part,  of  nearly  pure  specular  oxide  of 
Iron  Ifer  oligiste).  It  shoots  up  In  a  perpendicular  cliff,  one  hundred  and 
thirteen  feet  In  height,  so  pure  that  It  Is  difficult  to  determine  its  miner- 
al assoclatloDB. 

We  passed  along  the  base  of  this  cllS  for  more  than  a  guarter  of  a  mile. 
seeking  for  some  gap  through  which  we  might  j>ass  and  gain  tbe  summit. 
At  length,  after  much  toll  and  by  clambering  from  one  point  to  anotiier, 
we  succeeded.  Passing  along  the  brow  of  the  cUS,  forty  feet,  tbe  mass 
was  comparatively  pure;  then  succeeded  a  bed  of  quartz  composed  of 
rounded  grains,  with  small  specks  of  iron  disseminated,  and  lai^e  ronaded 
masses  of  tbe  same  material  eocloBed,  constituting  a  conglomerate.  This 
bed  was  Qfteen  feet  In  thickness,  and  was  succeeded  again  by  specular 
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Iroo,  expoRed  In  places  to  the  width  of  one  hundred  feet,  but  the  soil  and 
trees  prevented  our  determinlDg  Its  eolire  width.  This  one  clltlcoDtalnB 
Iron  sulScient  to  supply  the  world  for  ages,  ;et  we  saw  neither  Its  length 
nor  Its  width,  bat  onlj  an  outline  of  the  maas.  Its  bearing  could  not  be 
accurately  determined,  but  was  Inferred  to  be  north  of  west  and  south  of 
east,  with  a  uortherly  dip  of  85". 

The  same  deposit  is  described  in  similar  terms  in  Foster  and 
"Whitney's  Lake  Superior  (Part  ii,  p.  22).  In  his  first  annual 
report  Mr.  Wright  states  that  this  property  was  originally 
"explored"  by  S.  C  Smith,  and  entered  by  James  St.  Clair  in 
1854.  The  Republic  Iron  company  was  not  organized  until 
October  20.  1870,  and  the  first  ore  was  shipped  in  1872. 

The  great  demand  for  iron  occasioned  by  the  Civil  war 
caused  the  Iron  interests  which  were  in  operation  at  that  time 
to  assume  a  very  successful  aspect.  Development  progressed 
rapidly  and,  although  expenses  were  large,  the  demand  for  ore 
was  constant,  and  the  prices  high,  so  that  permanent  and  pros- 
perous cities  like  Negaunee  and  Ishpeming  were  started  and 
sustained  by  the  iron  or  mining  industry  of  Marquette  county. 

MENOMINEE  RANGE. 

The  earliest  reports  of  iron  ore  on  this  range  are  furnished 
by  those  same  early  geologists  and  explorers,  J.  W.  Foster  and 
S.  W.  Hill,  whose  trip  across  the  country  from  lake  Superior 
to  Green  bay  in  the  fall  of  1848  has  already  been  mentioned. 
It  seems  almost  incredible  that  their  observations  should  have 
lain  (or  so  long  a  period  unverified  and  forgotten,  while  the 
search  for  iron  was  prosecuted  in  other  parts  of  the  same  re- 
gion. But  it  was  actually  more  than  twenty  years  before  these 
deposits  were  rediscovered  and  thoroughly  explored.  Poster's 
first  account  reads  as  follows  (Jackson,  loc.  cit.,  p.  777): 

About  two  miles  southeast  of  the  lower  falls  lof  the  "Twin  Falls"  on 
the  Menominee),  near  S.  30,  T.  40,  R.  30,  there  is  a  large  bed  of  specular 
Iron  ore  associated  with  the  talcose  and  arglllaeeoua  slates.  It  makes 
its  appearance  on  the  north  side  of  a  lake,  and  can  be  traced  a  mile  and  a 
half  In  length,  and  In  places  la  exposed  one  hundred  feet  in  width.  It 
bears  nearly  east  and  west,  and  In  external  characters  resembles  that  of 
the  Iron  mountain  before  described.  This  bed  was  flrst  discovered  by 
John  Jacobs,  from  whom  I  derived  the  Information,  and  may  be  regarded 
as  the  southern  limit  of  the  Iron.  The  distance  from  this  point  to  the 
most  northerly  point  where  iron  was  discovered  (on  the  Marquette  range) 
Is  more  than  50  miles  In  a  direct  line.  Below  the  falls  there  are  heavy 
accumulatiuQS  of  drift,  so  that  the  subjacent  rocks  are  rarely  oeen;  and 
this  bed  of  iron  ore.  If  It  cross  the  river.  Is  effectually  concealed. 

The  limestone  was  also  observed,  and  a  bed  of  marble  indi- 
cated on  the  map  which  accompanied  the  report.  The  iron  ore 
was  compared  with  that  of  Elba,  New  York,  and  Missouri,  and 
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said  to  excel  them  all  Id  value  and  favorable  location.  It  was 
pointed  out  that  the  natural  outlet  would  be  by  way  of  Bay  de 
Noqaet  on  lake  Michigan,  the  place  where  Escanaba  is  now 
situated,  and  that  it  was  entirely  practicable  to  construct  a 
road  to  that  point.  In  the  "Report  of  the  Commissioners  of 
the  Cieologlcal  Surrey"  of  Wisconsin  for  1858,  are  the  follow, 
ing  remarks  by  Col.  Chas.  Whittlesey: 

Id  1850  I  passed  up  tbe  HeoomiDee  as  far  as  Irwin  Falls,  and  examined 
the  rocks  to  the  east  of  the  river  in  Micblgaa.  Here  tbe  magoettcand 
specular  ores  were  found,  and  beautifully  yelDed  marbles.  The  system  of 
Magoeslan  slates  extendlDg  from  Carp  river,  on  lake  Superior,  westward 
and  Boutbwestward,  wblcb  embraces  the  metamorpbic  limestones  and  the 
troQ,  was  then  traced  to  the  state  line  of  Wisconsin. 

During  tbe  explorations  of  tbe  presentF  year,  in  tracing  that  system 
wltiiln  this  state  across  the  Henominee  river,  I  had  tbe  satisfaction  to 
find  that  It  produces  here  both  Iron  and  marble,  in  quantities  that  are  In- 
exhaustible. 

I  cannot  In  this  note,  nor  until  theanalyses  are  completed,  give  an  Idea 
of  the  value  of  the  ores,  but  I  am  eatlafled  that  whenever  a  cheap  mode 
9f  transportation  is  provided  tbey  will  attract  notice.  Both  tbe  Iron  ores 
and  the  marbles  exist  on  both  sides  of  the  river  convenient  to  water 
power  that  is  unlimited.  A  considerablepartof  the  deposits  of  iron  have 
hard  wood  near  at  hand  suitable  for  coat. 

Fitrther  mention  of  the  "iron  ridge"  southwest  of  lake  An- 
toine  and  near  lake  Fum4e  may  be  found  in  Foster  and  Whit- 
ney's Lake  Superior,  Vol.  II,  pp.  30.  31,  1851.  On  page  28 
there  is  given  a  section  taken  from  the  manuscript  of  Col. 
Whittlesey,  showing  specular  iron  iuterstratified  with  sacchar- 
oidal  limestone  near  a  branch  of  Cedar  river  and  near  Little 
Bekuenesec  falls  on  the  Menominee  river.  It  is  also  stated,  in 
this  connection,  that  Mr.  W.  A.  Burt  crossed  a  low  ridge  of 
iron  ore  in  1846,  not  far  from  the  corner  of  townships  41  and 
42,  between  ranges  29  and  30.  This  was  not  subsequently  met 
with  in  running  the  township  lines.  This  ore  is,  however, 
shown  on  the  geological  map  of  1873. 

In  1866  Thomas  and  Bartley  Breen.  of  the  town  of  Menom- 
inee, discovered  the  deposit  which  afterwards  became  known 
as  the  Breen  mine,  on  sec.  22,  T.  39  28.  No  further  explora- 
tions were  made  until  1870,  when  the  "fee"  of  the  property  had 
passed  into  the  hands  of  the  discoverers  and  Judge  Ingalls  and 
S.  P.  Saxton.  Mr.  Saxton  then  commenced  the  first  active 
mining  operations  recorded  in  the  region  by  sinking  several 
test  pits,  and  cutting  two  long  trenches  across  the  formation. 

In  1867  the  region  was  visited  and  examined  geologically  by 
Dr.  Herman  Credner,  of  Germany.  His  description,  in  Grer- 
man,  was  published  in  1869,  and  contained  frequent  references 
to  the  iron  ores. 
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The  first  systematic  exploration  was  begun  in  1872  under  the 
immediate  su3}ervi8ioD  of  our  distinguished  president,  Dr.  Nel- 
son P.  HulBt,  at  that  time  the  agent  of  the  Milwaukee  Iron  com- 
pany, the  chief  promoters  of  which  were  Mr.  J  J.  Hagerman 
and  Mr,  J.  H.  Van  Dyke  of  Milwaukee.  That  the  company 
had  made  a  good  choice  in  their  selection  of  an  explorer  was 
soon  proven  by  the  discovery  of  the  Vulcan  and  West  Vulcan 
mines,  Mr.  Lewis  Whitehead,  who  was  Dr.  Hulst's  chief 
woodsman,  was  no  less  energetic  than  his  superintendent,  and 
soon  had  a  road  cut  from  the  Breen  to  the  Vulcan  and  camps 
erected  at  the  latterplace.  In  1873  Mr.  John  L.  Buell  explored 
the  Quinnesec  property  and  carted  the  first  ore  (fifty-three 
tons)  to  Menominee,  where  it  was  smelted  by  the  Menominee 
PuFDoce  company. 

The  panic  of  1873  put  a  damper  on  operations  for  a  time 
But  in  1877  the  Menominee  Mining  company,  of  which  Dr. 
Hulst  was  a  member,  purchased  the  leases  of  the  Milwaukee 
Iron  company,  and  again  started  the  Doctor  on  the  search  for 
ore.  He  was  again  successful,  this  time  discovering  the  cele- 
brated Chapin  mine.  This  was  in  1878;  and  in  1880  the  first 
shipments  were  made,  amounting  to  34,556  tons.  The  dis- 
covery of  the  Norway  mine  soon  followed  (in  August,  1878), 
and  thereafter  the  new  range  was  entered  fully  in  the  list  of 
ore  producers  from  lake  Superior. 

FBNOKEE-GOGEBIC  RANGE.* 

The  magnetic  iron  ore  belt  of  northern  Wisconsin  was  first 
noted  in  1848  by  Dr.  Kandall,  assistant  geologist  to  Dr.  David 
Dale  Owen,  while  following  the  Fourth  principal  meridian 
northward. 

In  Owen's  "Report  of  a  Geological  Survey  of  Wisconsin, 
Iowa  and  Minnesota"  there  is  a  "Geological  report  of  that 
portion  of  Wisconsin  bordering  on  the  soath  shore  of  lake 
Superior,  surveyed  in  the  year  1849,"  by  Charles  Whittlesey. 
On  pages.  444-447  of  this  report  (published  in  1852}  is  a  de- 
scription of  the  "Magnetic  Iron-beds  of  the  Penokie  Kange." 
Ansdyses  of  iron  ore  found  there  are  quoted  which  show  from 
66.3  per  cent,  to  66  per  cent,  of  metallic  iron,  and  the  follow- 
ing statements  are  made: 

The  bed  of  magaetlc  ore  south  of  Lac  des  Aoslals  Is  oC  extraordloarj 
thicknea8,—twenty-fl»e  to  sixty  feet.  •  •  ■  Id  the  wild  and  deep  ra- 
TloeB  where  the  Bad  river  breaks  through  the  range,  there  is  a  cUfFuf 
Blaty  ore,  most  of  which  comes  out  Id  thin,  oblique  prisms,  with  well-de- 
•H.  V.  Wluchell.  -A  Bit  of  IroD  Baoge  Hlatocy."  American  OcotoffM,  Harob,  UM. 
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fined  iiDgles  and  straight  edges,  probably  Ibree  hundred  feet  thick,  includ- 
ing whatia  covered  by  the  talus  or  fallen  portions.  I  estimate  more  than 
one-half  of  this  face  to  be  ore;  and  In  placea  the  beds  are  from  ten  to 
twelve  feet  in  thickness,  with  very  little  Intermisture  of  quartz.  There 
are  portions  of  It  not  slaty,  bat  Uilck- bedded. 

The  geological  occurrence  is  fully  figured  and  described,  asd 
the  similiarity  of  this  ore  to  "the  extensive  mines  or  rather 
mountains  of  iron  ore  in  Michigan,  described  by  Houghton. 
Burt,  Jackson,  Foster  and  Whitney"  is  also  mentioned.  The 
idea  of  exploitation  on  a  large  scale  is  conveyed  in  the  last 
paragraph : 

The  position  of  the  best  exposures  of  ore  which  I  saw  is  such  as  to  re- 
quire from  eighteen  to  twenty-eight  mllee  of  transportation  to  reach  tbe 
lake.  The  nearest  natural  harbor  is  In  Chegwomlgon  bay,  about  twentf- 
Sve  miles  from  thecentralpart  of  thePenokie  range. 

The  interesting  origin  of  the  name  "Penokie"  was  given  as 
follows  by  Col.  Whittlesey  in  an  article  on  "The  Peuokee  Min- 
eral Bange"  read  before  the  Boston  Society  of  Natural  History 
in  July.  1863: 

In  tbe  Chlfipewa  lauguage  tbe  name  for  Iron  Is  peiea&ut;  and  I  thought 
It  proper  to  designate  tbe  mountains,  where  this  metal  exists  in  quan- 
tities that  surprise  all  observers,  as  the  "Pewabik  Range."  The  com- 
positor, however,  transformed  it  to  Penokie,  a  work  which  belongs  to  no 
language,  but  which  is  now  too  well  fastened  upon  the  range  by  usage 
.  to  be  changed. 

Soon  after  the  publication  o(  Dr.  Owen's  report,  the  exctlement  of 
18i5-6  In  reference  to  copper  was  repeated  in  reference  to  Iron.  Pre-emp- 
tors  followed  the  surveyors,  erecting  their  rude  cabins  on  each  quarter- 
section  between  the  meridian  and  Lac  des  Anglais,  a  distance  of  eigbteen 
or  twenty  miles.  The  iron  belt  Is  generally  less  than  ooe-fourtb  of  a 
mile  In  width,  regularly  stratified,  dipping  to  the  northwest,  conform- 
able to  the  formations,  and  having  its  outcrop  along  the  summit  of  the 
second  or  southerly  range. 

So  much  iron  was  found  there  that  he  intended  to  call  it  the 
"Pewabik"  range  in  1850,  even  before  the  government  survey 
of  the  region. 

This  paper  was  accompanied  by  a  geological  map  of  the  range 
prepared  by  Whittlesey  in  1860,  on  which  the  crest  of  the 
range  and  the  outcrops  of  iron  ore  are  marked  with  wonderful 
accuracy. 

But  Whittlesey  was  not  the  only  geologist  who  observed  and 
described  the  mineral  wealth  of  this  region.  In  1658  Edward 
Daniels,  one  of  the  State  Geological  Commission,  and  prior  to 
that  time  state  geologist,  visited  tbe  Penokee-Oogebic  range 
and  mentions  it  as  follows  in  the  Commissioner's  report  for 
1858,  pp.  10,  11: 
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The  mineral  resources  also  promise  richly.  The  most  Important  of 
these  are  the  great  depostte  of  iron  ore  found  In  the  Peookte  Mountains, 
about  thirtj  mttes  Inland  from  the  head  of  Gh^womlgou  Bay.  These 
iron  beds  follow  the  mountain  ridge  through  sereral  townships,  having  a 
direction  a  little  north  of  east.  *  •  •  •  The  ore  is  principally  the 
magnetic  and  brown  oxide,  witb  traoce  of  Hpecatar  iron,  And  occurs  in 
seams  parallel  with  the  stratification,  varying  from  a  mere  line  to  fifty 
feet  in  thickness;  It  is  of  good  quality,  well  located  for  quarrying,  and 
practically  inexhaustible. 

Another  well-known  scientist  who  saw  and  appreciated  the 
ore  deposits  of  this  range  was  Dr.  I.  A.  Lapham,  afterward 
state  geologist  of  Wisconsin.  He  visited  the  Penokee  district 
with  Daniels  in  1858.  His  account  of  the  trip  may  be  seen  in 
the  Trans.  Wisconsin  State  Agricultural  Society,  Vol.  V, 
1858-59.  He  there  gives  what  is  perhaps  the  first  published 
map  of  the  range,  and  speaks  highly  of  the  iron  ore  he  saw 
there.  In  a  report  made  by  Dr.  Lapham  to  the  Wisconsin  and 
Lake  Superior  Mining  and  Smelting  company,  dated  Novem- 
ber, 1856,  and  published  in  pamphlet  form  in  1860,  we  find  the 
following: 

Ii  will  be  seen  that  we  have  already  discovered  good-ore  In  such  quanti- 
ties as  to  be  practically  inexhaustible,  situated  at  poInU  accessible  to 
water  power  and  having  bold  fronts,  rendering  It  comparatively  easy  to 
he  quarried.  For  many  years  to  come  only  the  richest  and  most  acces- 
sible ores  can  be  brought  into  use,  rejecting— at  least  for  the  present— all 
such  as  have  too  large  a  proportion  of  silica,  and  such  as  are  not  In  a  con- 
dition to  be  easily  and  cheaply  removed  from  tbe  natural  lied. 

Further  full  accounts  of  the  Penokee-Glogebic  range  are  to 
be  found  in  Volume  III  of  the  Wisconsin  geological  reports 
for  1873-79,  pages  100166. 

A  brief  description  of  this  range  by  R.  Pumpelly  and  T.  B, 
Brooks,  published  in  the  report  of  the  Michigan  geological 
survey  for  1872,  seems  to  have  attracted  considerable  attention. 
This  report  was  accompanied  by  a  map  on  which  the  belt  of 
iron-bearing  rocks  is  delineated  in  a  general  way. 

In  1879  P.  H.  Brotherton  directed  explorations  which  very 
closely  located  the  ore  formation  for  the  Canal  company. 
Subsequent  work  of  development  has  borne  testimony  to  the 
accuracy  of  his  field  locations,  all  the  mines  since  found  in  the 
district  examined  by  him  being  on  or  very  near  the  line  at  that 
time  determined. 

The  first  discovery  of  soft  ore  in  situ  and  in  large  quantity 
is  said  to  have  been  made  by  Capt  Nat.  D.  Moore,  during  the 
season  of  1880.  This  was  oq  section  15,  T.  47-46,  Michigan. 
Capt.  C.  P.  Pease  commenced  explorations  on  the  adjoining 
section  f  16]  in  Jane,  1881,  for  the  Cambria  Iron  and  Steel  Co., 
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and  partiaUy  developed  the  Oolb;  mine.  Actual'  mining  was 
begun  here  in  October,  1884,  by  Capt  Moore,  and  the  first  ore 
was  shipped  on  six  flat  cars  over  the  Milwaukee,  L&ke  Shore 
and  Wesl«m  railway  to  Milwaukee,  and  thence  to  Erie,  Pa. 
Under  the  management  of  Mr.  Joseph  Sell  wood  this  mine  sur- 
passed all  predecessors  in  the  amount  of  ore  shipped  during 
the  first  three  years  after  it  was  opened. 

The  Sunday  Lake  mines  were  found  by  Geo.  A.  Fay,  who 
conducted  explorations  in  1881  and  1882  for  D.  H.  Merritt  and 
others  of  Marquette,  Mich. 

During  the  fall  of  1882  test  pitting  was  started  by  Capt.  Jas. 
A.  Wood  for  Mr.  A.  L.  Norrie,  on  the  S.  i  of  S.  E.  J.  sec.  22, 
T.  47,  R.  47.  Ore  was  found  almost  immediately,  and  the 
great  Norrie  mine  is  the  result  of  subsequent  explorations  on 
the  same  ore  body. 

The  wave  of  mining  stock  speculation  which  fairly  inundated 
the  northern  states  during  the  two  years  following  the  dis- 
covery of  these  iron  mines  is  of  too  recent  date  to  require  de- 
scription. Suffice  it  to  say  that  the  production  from  the  uew 
range  was  simply  phenomenal,  doubling  and  trebling  with  un- 
paralleled rapidity,  and  constituting  one  of  the  most  remark- 
able chapters  in  the  mining  history  of  this  remarkable 
country. 

VERMILION  RANGE. 

The  first  account  of  iron  ore  on  the  Vermilion  range  appears 
in  the  report  of  state  geologist  H.  H.  Eames,  published  in 
1866.    On  page  11  is  this  account: 

ZAe  Inm  Range  of  Laie  VermilUm 
Is  on  the  east  end,  on  the  stream  kaowD  as  Two  Biver,  which  fs  about 
sixty  feet  wide.  •  ■  •  This  range  Is  about  one  mile  In  length;  It  then 
ceases,  and  after  passing  through  a  swamp,  another  uplift  is  reached, 
from  two  hundred  aud  fifty  to  three  hundred  feet  high .  The  Iron  Ib  ex- 
posed at  two  or  three  points  between  fifty  and  alxty  feet  In  thickness; 
at  these  points  It  presents  quite  a  mural  face,  but  below  It  Is  cohered 
with  detritus  of  the  over-capping  rock.  Ud  tbis  account  Its  exact  thick- 
ness could  not  be  correctly  ascertained .  The  ore  la  of  the  variety  koowo 
as  hematite  and  white  steely  Iron,  and  Is  associated  with  quartzose, 
Jasperolds  and  serpentine  rocks.  It  generally  has  a  cap  rock  ot  from 
three  to  twenty  feet  thick.  A  Utile  to  the  north  of  this  Is  an  exposure  of 
maguetlc  iron  ot  very  good  quality-  forming  a  hill  parallel  with  the  one 
described. 

The  hematltlc  iron  has  a  reddish  appearance  from  exposure  to  atmos- 
pheric Influence;  its  fracture  is  massive  and  granular,  color  a  dark  steel 
gray.  The  maffnetic  Iron  ore  is  strongly  attracted  by  the  magaetand 
has  polarity,  is  granularly  massive,  color  iron  black. 
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At  t^e  request  of  the  legislature  of  Minnesota  Ool.  Charles 
Whittlesey  made  a  "Report  of  Explorations  io  the  Mineral 
Begions  of  Minnesota  during  the  years  1848,  1859  and  1864," 
published  in  Cleveland  in  1866.  In  this  report  is  a  map  of 
Vermilion  lal£e  and  the  Mesabi  iron  range.  It  also  contains, 
on  page  10,  an  announcement  of  the  discovery  of  iron  ore  at 
the  former  locality  by  Eames.  Here  Col.  Whittlesey  gives  it 
as  his  opinion  that  workable  iron  ore  exists  near  enough  to 
lake  Superior  to  render  it  of  practical  value; 

The  first  "shot"  was  put  in  the  ore  at  Vermilion  lafee  by 
Geo.  B.  Stnntz  and  John  Mallmann  in  1875,  on  the  "south 
ridge."  In  1884  the  Duluth  and  Iron  Range  railroad  was  con- 
structed from  lake  Superior  to  the  mines  at  Tower,  and  min- 
ing WEis  begun  under  the  direction  of  Capt.  Slisha  Moreojn. 
Afterwards,  with  a  change  of  ownership,  in  1886,  the  muiage- 
ment  passed  to  Mr,  D.  H.  Bacon,  under  whose  supervision  sub- 
sequent discoveries  were  made  and  the  mines  developed  into 
one  of  the  finest  plants  iu  the  country. 

The  mines  at  Ely  were  first  opened  by  Mr.  Jas.  Sheridan 
and  his  associates  in  1886,  but  were  soon  turned  over  to  the 
present  owners,  under  the  superintendence  of  Mr.  Jos.  Sell- 
wood  and  his  mining  captain,  John  Pengilly.  The  record  of 
the  Chandler  has  been  a  most  creditable  one.  Further  detailed 
accounts  of  the  Vermilion  range  may  be  found  in  "The  Iron 
Ores  of  Minnesota,"  Bulletin  No.  6  of  the  geological  survey  of 
Minnesota,  which  was  written  in  1890  and  published  in  1891. 

MESABI  RANGE.* 

In  1850  J,  G.  Norwood  mentioned  iron  ore  as  occurring  at 
Ounflint  lake  (D.  J>.  Owen's  report  of  Wisconsin,  Iowa  and 
Minnesota,  p.  417),  and  stated  that  it  appeared  to  be  in  the 
eastward  continuation  of  the  hills  known  farther  west  as  the 
Mesabi,  and  which  extended  to  Pokegama  falls  on  the  Missis- 
sippi river.  He  did  not  notice  ore  in  sufficient  quantities  to 
impress  him  with  its  value  as  a  merchantable  ore  deposit,  but 
simply  noted  its  occurrence  near  the  west  end  of  the  lake. 

H.  H.  Eames,  the  geologist  mentioned  above,  was  the  first 
to  note  iron  ore  on  the  Mesabi  range  and  consider  it  of  any 
value.  In  his  report  of  1866,  published  the  following  year,  is 
an  account  of  the  ore  on  the  western  end  of  the  range,  at 
Prairie  river,  together  with  several  analyses,  showing  it  to  be 

■TblsBDelllDgoI tfteaame "Mesabi" Ib &doptedbaa&uBeH  contorma  with  the  usage 
of  the  state  And  national  Esologlcal  surveys  lorrasny  years,  and  lain  kqooKI  with  Ui« 
decision  of  the  National  Board  of  aeograpblo  Names. 
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of  good  quality.  Mr.  Raaies  took  steps  to  secure  title  to  this 
property  and  develop  it;  but  the  time  had  not  yet  come  for 
such  an  enterprise  to  be  successful. 

Favorable  mention  is  made  of  the  Mesabi  in  various  other 
geological  reports,  between  that  time  and  1891.  N.  H.  Win- 
chell  and  A.  H.  Chester  described  it  at  some  length  in  the 
seventh,  ninth,  tenth  and  eleventh  reports,  and  the  State  was 
urged  to  take  steps  to  have  it  developed.  Id  the  volume  on 
the  iron  ores  of  Minnesota,  however,  may  be  found  the  most 
elaborate  discussion  of  the  rocks  of  this  range.  The  views 
held  at  this  time,  before  the  actual  discovery  of  any  of  the 
numerous  deposits  since  opened  np,  are  well  expressed  in  the 
following  quotations  (op.  cit.,  pp.  112,  160) : 

They  [the  ores  ot  the  Mesabi]  are  destined  to  play  a  vary  important 
part  Id  the  future  development  of  the  Iron  Industry  of  the  state.  The; 
occupy  fourfold  the  area  that  Is  occupied  by  the  Keewatlu  ore8[Ve^ 
mllloo  range],  and  they  are  nearer  the  ore-shipping  points  as  well  as  the 
iron-using  markets.  It  Is  on  account  of  this  hl^h  promise  of  future  pro- 
ductiveness that  they  are  fully  described  In  this  bulletin.    ■    •    * 

There  can  be  do  reasooable  doubt  that  Id  MioDesota,  about  the  western 
and  northwestern  confines  of  the  Lake  Superior  basin  and  extending 
westward  to  the  UissiaslppI  river,  there  will  yet  be  mined  In  the  Hesabi 
range  even  greater  quantities  of  hematite  than  have  been  taken  from 
that  marvel  of  mining  districts,  the  Fenokee-Oiwebic  range,  which  biased 
out  with  such  a  brilliant  record  only  a  few  years  ago. 

The  first  persistent  exploration  of  the  Mesabi  range  for  iron 
ore  was  made  by  the  Merritt  brothers,  Lonand  Alf.,  of  Dalnth, 
Minn.,  and  to  them  in  largest  measure  must  l>e  credited  its  un- 
precedently  rapid  development,  and  to  a  certain  extent  the 
disastrous  consequences  to  the  iron  ore  interests  of  the  entire 
Itake  Superior  region  during  1693.  The  Mountain  Iron  mine 
was  found  on  the  16th  day  of  November,  1890,  by  a  crew  of 
workmen  under  Capt.  J.  A.  Nichols.  In  August,  1891,  the 
next  large  deposit  was  discovered  by  John  McCaskill,  Capt. 
Nichols  and  Wilbur  Merritt;  this  has  sinco  developed  into  the 
Biwabik  group  of  mines.  In  1892  two  railroads  were  bailt  to 
the  range,  and  in  1893  the  shipments  amounted  to  620,000  gross 
tons,  a  record  for  the  first  full  year's  shipments  that  has  never 
been  equalled. 

CANADLAN  IRON  ORE. 

Deposits  of  iron  ore  are  known  to  exist  in  Ontario,  north  of 
lake  Superior.  The  McKellar  brothers  of  Fort  William,  have 
done  more  than  any  others  to  discover  the  iron  ores  of  that 
vicinity.     Although  not  yet  thoroughly  explored  by  shafting 
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or  drilling,  it  is  probable  that  there  is  a  considerable  amouDt 
of  merchantable  ore  in  the  Thunder  Bay  district  which  will  be 
of  value  when  the  country  is  more  thickly  populated.  It  is  not 
likely  that  it  will  ever  enter  into  serious  competition  with  the 
ore  of  those  portions  of  the  Lake  Superior  region  situated  in 
the  United  States,  owing  to  its  poorer  quality  and  greater  cost 
of  production.  So  far  as  these  deposits  are  at  present  de- 
veloped they  do  not  compare  favorably  with  those  on  this  side 
of  tie  boundary  line. 


Having  devoted  considerable  space  to  a  description  of  our 
two  most  prosperous  snd  profitable  mining  industries,  it  re< 
mains  for  us  tp  mention  more  briefly  the  discovery  of  silver 
and  gold. 

The  occurrence  of  native  silver  mixed  with  the  copper  of 
Keweenaw  point  and  the  north  shore  of  the  lake  was  noticed  at 
an  early  date,  and  has  already  been  referred  to  under  the  head 
of  copper.  The  only  mines  around  lake  Superior  that  have 
been  wrought  for  any  length  of  time  for  silver  alone  are  on  the 
north  shore,  around  Thunder  bay.  The  discovery  of  silver 
grew  out  of  explorations  for  copper.  In  1846  Mr.  William 
Logan  spent  the  summer  in  an  examination  of  the  Canadian 
shore  of  the  lake.  Daring  the  same  season  Mr.  Forrest  Shep- 
pard  conducted  the  first  explorations  for  the  Montreal  Mining 
company,  starting  on  May  2  from  Montreal  with  a  small  party, 
which  was  soon  increased  to  the  number  of  eighty  or  more. 
The  coast  was  examined  from  Sault  Ste.  Marie  to  Pigeon  river, 
a  distance  of  about  500  miles,  and  eighteen  locations  were 
selected.  Bach  location  was  five  miles  in  length  and  two  in 
width,  thus  containing  ten  sc^uare  miles  of  territory.  One  of 
these  locations  included  Silver  islet,  on  which  the  silver  was 
not  discovered,  however,  until  21  years  later.  Prince's  loca- 
tion, west  of  the  Kaministiquia,  on  Thunday  bay,  seems  to 
have  been  the  scene  of  the  first  discovery  of  silver  in  what  was 
at  that  time  a  large  quantity.  The  vein  had  a  width  of  14  feet, 
composed  of  calcite,  barite  and  amethystine  quartz,  with  a 
metalliferous  streak  la  the  middle.  Two  shafts  and  an  adit 
level  were  opened,  and  masses  of  silver  several  pounds  in 
weight  were  taken  out.  It  is  reported  that  the  silver  carried 
an  appreciable  amount  of  gold.  This  work  was  abandoned 
about  the  year  1850. 


D,qit,zeabvG00»^lc 


144  TWKNTY-THIED  ANNUAL  REPORT 

In  1656-1857  the  MontreEkl  Mining  company,  on  the  advice  of 
their  superintendent,  Mr.  E.  B.  Borron,  attempted  to  develop  a 
mine  on  their  location  at  point  Mamainse.  There  were  several 
veins  which  made  a  good  surface  showing  of  native  copper, 
chalcopyrite  and  galena,  with  silver  both  native  and  in  the  lead 
sulphide.  Five  shafts  were  sunii  to  depths  varying  from  14  to 
60  feet  on  the  most  promising  leads.  But  the  veins  did  not 
hold  out  in  depth,  and  operations  were  suspended  in  1857. 

The  Prince  and  Mamainse  mines,  however,  seem  to  have 
been  more  highly  valued  for  copper  than  for  silver,  and  the 
first  discovery  of  silver  of  any  consequence  was  made  by  Mr. 
Peter  McKellar  in  the  autumn  of  1866,  at  what  afterwards  tie- 
came  the  Thunder  Bay  mine.  About  a  year  later  the  Shuniah 
(later  called  Duncan)  vein  was  found  to  be  silver- bearing  by 
Mr.  John  McEellar  and  Mr.  Geo.  A.  McVicar.  This  was  in 
May,  18B7.  Work  was  prosecuted  on  these  veins  in  1869  and 
1870,  the  expenditures  at  the  latter  mine  having  amounted  to 
about  half  a  million  dollars  for  a  total  yield  of  $20,000,  before 
the  final  suspension  in  1882. 

The  events  leading  to  the  discovery  of  silver  on  Silver  islet 
and  the  account  of  the  "find"  are  given  as  follows  by  Mr- 
Thomas  Macfarlane  (Trans.  Am.  Inst  Min.  Eng.,  vol.  vm, 
1880,  pp.  227,  228): 

It  was,  Id  all  likelihood,  the  McEeHar  dlscoveriee,  tORether  with  the 
imposltton  hy  the  Ontario  KOTernmeiit  of  a  tax  of  two  ceats  per  acre  od 
Lake  Superior  mining  lands,  which  prompted  the  Moatreal  Hinf  ag  Com- 
pany to  begin  a  systematic  esploration  of  their  northwestern  locations. 
For  twenty- two  years  these  bad  been  allowed  t«  lie  almost  entirely  neg- 
lected- Several  of  them  were  indeed  visited  and  explored  by  Hr.  Pilgrim 
of  Sanit  Ste.  Marie  and  the  late  Ur.  Barrick,  P.  L.  S.,  hut  the  results 
were  not  such  ae  to  encourage  the  company  to  proceed  to  active  mining 
operations.  Indeed,  during  the  greater  part  of  this  time,  the  company's 
resources  were  taxed  to  the  utmost  In  developing  and  working  the  fimce 
coppermines.  It  may  safely  be  asserted  that  In  doing  this  they  exper- 
ienced a  dead  loss  of  M00,000,  a  fact«hlch  is  abundantly  sufficient  to  ac- 
count for  the  unwllilDgneas  of  the  board  and  shareholders  to  risk  further 
capital  In  mining  operations.  The  causes  above  given  were,  however, 
enough  to  induce  them  to  incur  a  moderate  outlay  for  exploring  tbeir 
landH,  and  early  in  1868  I  was  employed  by  the  company  to  take  chtirge 
of  a  party  for  this  purpose.  *  *  "  *  On  the  16th  of  May  our  eipioi^ 
Ing  part;,  consisting  of  els  men  besides  myself,  arrived  in  Thunder  Bay, 
on  board  the  steamer  Algoma,  which  was  heavily  freighted  with  men  and 
materials  for  working  the  Thunder  Bay  Company's  mine.  After  vlsttiiiK 
the  latter  and  the  Shuniah  (now  the  Duncan)  mine,  and  calling  the  at- 
tention of  the  men  of  our  party  to  the  appearance  and  characters  of  the 
native  silver  and  sliver  glance  produced  by  them,  we  started  In  our 
Mackinaw  boat  on  the  19tb  soutfawestward  for  Jarvls's  location.   ■   •   * 
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On  Jarris's  iBlaod  flvu  dlSereat  velos  were  lonad,  and  in  one  of  them 
native  silver  and  sliver  glance  were  discovered (tboformeir  by  Mr.,  now 
Dr.,  C.  O.  Brown,  and  the  latter  by  Mr.  Patrick  Hogaa),  specimens  of 
which  were  forwarded  to  Montreal.  •  •  •  On  the  Ist  of  June  we  left 
Jarvis'b  for  Stewart's  location  at  Pigeon  river,  where  we  remained  until 
the  21sl,  making  a  verf  close  exploration  for  a  distance  of  three  miles  in- 
land. *  *  *  On  the  21st  of  June  we  returned  to  Fort  William,  and  on 
the  23d  reached  Thunder  Cape  and  Wood's  location.  •  «  *  i  •  •  • 
determined  to  make  a  complete  i;eotogical  map  of  Wood's  location,  and 
arranged  with  my  assistant,  Mr.  Gerald  C.  Brown,  to  have  the  shore  line 
accurately  surveyed.  It  was  while  engaged  planting  his  pickets  on  the 
many  islands  Fronting  the  location  that  Mr,  Brown  Srst  landed  on  the 
rock  shortly  afterwards  named  by  me  "Silver  Islet,"  and  observed  the 
vein  and  the  galena  occurring  in  It.  I  then  visited  the  island  to  obtain 
specimens  of  the  galena  and  the  enclosing  rock,  and  three  men  were  set 
to  work  to  blast  out  some  of  the  galena.  It  was  while  engaged  working 
on  the  islet  that  one  of  these  men,  Mr.  John  Morgan,  found  the  first 
nuggets  of  metallic  silver,  close  to  the  water's  edge.  A  single  blast  was 
BulDcient  to  detach  all  the  vein  rock  carrying  ore  above  the  surfaceof  the 
water.  •  •  •  The  silver  was  discovered  on  the  lOth  of  July  [1868},  and 
on  tbe  15th  three  packages  of  the  best  specimens  were  shipped  from  Fort 
WliUam  to  Montreal. 

During  the  next  two  years  Mr.  Macfarlane  worked  on  this 
rock  in  the  lake,  exposed  to  storms  which  sometimes  swept 
completely  over  the  island  and  tore  away  all  their  buildings 
and  bulwarks.  The  Montreal  company  could  Jiot  be  induced 
to  incur  the  expense  necessary  to  mine  in  earnest,  although  the 
rock  taken  out  under  the  water  in  the  winter  of  1869-70  yielded 
$16,000  when  it  was  smelted.  The  property  was  sold  in  1870 
to  the  Silver  Islet  Mining  company,  composed  of  capitalists 
from  New  York  and  Detroit,  Michigan,  with  Capt  "W.  B.  Frue 
as  superintendent. 

The  discovery  of  silver-bearing  veins  in  the  Babbit  and  Sil- 
ver Mountain  districts  was  made  in  1882  and  1884  respectively, 
by  Mr.  Oliver  Daun^iis,  who  learned  of  them  through  an  Indian 
named  Tcbiatong,  who  formerly  worked  for  the  geological 
survey  and  had  developed  quite  a  fondness  for  exploring.  Mr. 
Daunais,  having  married  this  Indian's  daughter,  was  enabled  to 
overcome  his  reluctance  to  reveal  his  discoveries,  and  was  con- 
ducted nearly  to  the  spot  and  then  told  to  Snd  the  veins  him- 
self, which  was  not  a  difficult  matter. 

There  have  been  occasional  discoveries  of  silver  in  other 
parts  of  this  district;  and  companies  have  been  formed  to  oper- 
ate mines  on  surface  showings  of  greater  or  less  attractive- 
ness. One  of  the  most  persistent  attempts  to  mine  silver  ore 
was  made  in  the  vicinity  of  Ontonagon,  Michigan.     Mr.  Austin 
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Corser.  of  that  place,  is  said  to  have  discovered  silver  ore  in 
situ  in  1856.  When  the  land  was  surveyed,  in  1870,  he  pro- 
cured a  preemption  on  the  S.  W.  i,  sec.  14,  51-42,  on  Little  Iron 
river,  about  a  mile  from  lake  Superior.  In  1872  a  mining  craze 
of  the  regulation  style  set  in.  It  reached  its  greatest  intensity 
in  1874,  and  subsided  in  the  following  year.  A  stamp  mill 
with  amE^gamators  was  erected  near  this  place  in  1875  by  the 
Ontonagon  and  Superior  Mining  companies,  under  the  direc- 
tion of  Mr.  P.  W.  Crosby,  but  only  about  50  tons  of  ore  were 
milled.  The  boom  collafeed,  and  the  mines  shut  down,  the 
Cleveland  being  the  last  to  quit,  in  1876. 

GOLD. 

Although  mines  of  the  yellow  metal  are  neither  numerous 
nor  large  producers  Individually  in  this  section  of  the  county, 
they  are  found  on  botii  shores  of  the  lake,  and  it  is  not  improb- 
able that  they  will  increase  in  number  and  productiveness  dur- 
ing the  next  decade. 

There  are  reitsons  for  believing  that  the  first  discovery  of 
gold  w4s  made  by  Dr.  Douglass  Houghton  in  1845,  not  far  from 
the  present  town  of  Negaunee.  The  story  is  told  by  Mr.  8.  W. 
Hill,  and  a  voyageur  named  Antoine  Du  Noir.  They  agree  in 
the  statement  that  Dr.  Houghton  wandered  away  from  camp 
one  day  and  returned  about  dark  with  a  bag  full  of  specimens, 
in  which  native  gold  was  plainly  visible.  He  told  tiiem  that 
they  were  in  a  gold  country,  and  that  he  should  not  be  sur- 
prised to  find  quantities  of  it  in  the  Huron  hills.  A  piece  of 
the  quartz  found  at  that  time  was  worn  as  a  pin  for  many  years 
by  Mr.  Jacob  Houghton,  a  brother  of  the  doctor.  The  notes 
of  this  season's  work  were  lost  in  the  lake  at  the  time  of  Dr. 
Houghton's  death,  but  the  accounts  of  these  explorers  are  con- 
sidered trustworthy,  and  the  discovery  of  the  Ropes  vein  in 
this  same  vicinity  at  a  later  period  is  strong  corroborative 
proof  of  their  truthfulness. 

In  1865  a  gold  boom  was  started  in  Minnesota.  The  ore  was 
reported  by  state  geologist  Games  and  others  to  have  been 
discovered  in  paying  quantity  at  Vermilion  lake,  75  miles 
north  of  Duluth.  A  wagon  road  was  laid  out  to  the  ndw  Eldor- 
ado; new  towns  were  started,  shafts  were  sunk,  and  a  stamp 
mill  was  taken  up  there  and  set  up  on  Trout  river.  The  very 
land  subsequently  found  so  valuable  for  iron  ore,  where  the 
hard  hematite  and  jasper  stood  out  in  bald  knobs,  a  hundred 
feet  high,  was  taken  for  gold  claims.    The  veins,  however. 
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proved  to  contain  more  pyrlte  and  pyrrhotite  than  gold;  and 
by  1867  the  country  was  deserted,  iron  deposits  and  alL 

In  1871  gold  ore  was  found  by  Mr.  Peter  McKellar  at  Jack- 
flsh  lake,  near  lake  Shebandowan,  abont  70  miles  northwest  of 
Port  Arthur.  'It  was  developed  into  the  mine  called  the  "Hut. 
onian,"  and  worked  during  part  of  1884  and  1885.  In  1888  a 
lO-Btamp  mill  was  erected,  but  was  operated  only  a  short  time, 
owing  to  the  expense  of  getting  supplies  in  so  remote  a  region. 

Another  gold-bearing  quartz  vein  was  found  by  Mr.  Archi- 
bald McKeUar,  on  an  island  in  Partridge  lake,  west  of  Lac  des 
Mille  Lacs,  in  1872;  and  in  1675  nuggets  of  gold  were  discov- 
ered by  Mr.  Donald  McKellar  in  a  quartz  vein  at  Victoria  cape, 
on  the  western  side  of  Jackflsh  bay,  north  shore  of  lake  Super- 
ior. Nothing  of  importance  was  done  to  develop  either  of 
these  mines. 

Gold  was  found  on  Lake  of  the  Woods  in  1878  or  earlier,  and 
there  has  been  more  or  less  mining  for  the  precious  metal  in 
that  region  ever  since. 

In  1881  Mr.  Julius  Bopes  noticed  gold  in  a  vein  about  six 
miles  northwest  of  the  city  of  Ishpeming.  Regular  mining 
was  begTin  here  in  October,  1882,  and  during  the  following 
summer  a  5-stamp  mill  was  erected.  In  1884  a  25-6tamp  mill 
was  completed  and  put  in  operation.  This  is  the  only  genuine 
gold  mine  in  Michigan,  and  its  history  has  not  been  an  enviable 
one. 

In  1885  considerable  excitement  was  caused  by  the  discov 
ery  of  gold  three  mUes  west  of  the  Kopes  mine  on  land  belong- 
ing to  the  Lake  Superior  Iron  Mining  company.  Some  beauti- 
ful samples  of  ore  were  obtained,  but  the  average  did  not  war- 
rant the  expenditure  necessary  to  develop  a  mine. 

CONCLUSION. 

In  closing  this  brief  history  attention  should  be  called  to  the 
fact  that  the  majority  of  our  metalliferous  belts  were  discov- 
ered \>y  official  geologists  in  the  performance  of  their  assigned 
duties.  In  many  instances  the  very  ore  deposit  was  found, 
examined,  accurately  located  and  described  with  a  thorough 
appreciation  of  its  value,  a  quarter  of  a  century  or  more  before 
any  advantage  was  derived  from  the  information  thus  early 
given  to  the  public. 

Especial  mention  should  also  be  made  of  the  distinguished 
services  rendered  to  the  sciences  of  mining  and  economic  geol- 
ogy by  the  wonderful  man  from  whom  this  beautiful  city  takes 
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its  name.  Dr.  Douglass  Houghton  may  be  jastly  styled  the 
father  of  mining  on  lake  Superior^  To  his  indomitable  enter- 
prise and  courage  no  less  than  to  his  versatile  and  colossal  in- 
tellect is  due  the  credit  for  the  right  start  which  was  made; 
and  in  many  ways  his  broad -gauged  generous  s|>irit  is  still  dis< 
cemible  in  the  conduct  of  affairs  around  us. 

We  have  attempted  merely  to  mention  the  discovery  of  our 
mineral  deposits,  and  not  to  sketch  their  subsequent  develop- 
ment But  it  were  not  becoming  in  me  to  close  without  calling 
attention  to  three  other  classes  of  creditors  to  whom  our  ob- 
ligation is  large.  Our  present  condition  of  prosperity  has  been 
rendered  possible  first,  by  our  brethren  from  Oornwtdl,  Austria 
and  other  parts  of  Europe  who,  leaving  their  home  surround- 
ings, have  journeyed  to  our  shores  and  devoted  years  of  hard- 
est manual  labor  in  delving  for  Nature's  hidden  treasures. 
Their  lives  have  been  passed  underground,  in  dark  and  often 
dangerous  galleries,  while  the  fruits  of  their  labors  have  been 
largely  reaped  by  others. 

We  are  greatly  indebted  in  the  second  place,  to  the  liberal 
policy  of  our  State  and  National  Government  regarding  tech- 
nical education.  Such  institutions  for  scientific  training  as-the 
one  located  in  this  city  exert  an  incalculable  influence  for  good 
on  the  material  coaditioos  surrounding  us  as  well  as  on  the 
lives  and  characters  of  our  inhabitants. 

Third  and  finally,  our  obligation  is  great  to  the  mining  en- 
gineers and  superintendents  who  have  planned  and  directed 
the  development  of  these  natural  resources.  In  a  new  country, 
confronted  with  new  problems,  with  unforeseen  difBculties  con- 
stantly arising,  they  have  met  each  obstacle  as  it  arose,  and 
with  industrial  genius  reaching  almost  to  the  sublime,  have 
snatched  victory  at  times  from  the  very  jaws  of  defeat,  until 
our  mining  industry  stands  as  it  does  to-day — in  many  respects 
without  a  parallel  on  the  face  of  the  globe. 
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Introduction. 


Before  the  Ice  age  the  northern  part  of  the  North  Ameri- 
can continent,  northwestern  Europe,  and  Patagonia,  were  up- 
lifted to  altitudes  far  above  their  present  hight,  as  shown  by 
fjords  and  submarine  continuations  of  river  valleys.  The  cool 
and  snowy  climate  attending  the  culmination  of  the  elevation 
of  these  areas  is  thought  to  have  amassed  the  ice-sheets  by 
which  their  glacial  and  modified  drift  were  formed.  Other 
areas  in  warm  temperate,  tropical,  and  equatorial  latitudes,  as 
portions  of  southwestern  Europe  and  western  Africa,  border- 
ing on  the  Bay  of  Biscay,  the  strait  of  Gibraltar,  and  the  Gulf 
of  Guinea,  extending  south  to  the  Congo  river,  were  also  dif- 
ferentially uplifted  to  a  icnown  maximum  vertical  extent  of 
6,000  feet,  at  the  mouth  of  the  Congo,  higher  than  now;  but 
the  geographical  position  of  these  areas  forbade  their  envel- 
opment by  land  ice  like  the  far  northern  and  far  southern 
regions  of  these  great  preglacial  epeirogenic  uplifts* 

Under  the  weight  of  the  ice-sheets  each  of  the  three  great 
drift-bearing  areas,  in  North  America,  Europe,  and  Patagonia, 
sank  from  Uieir  preglacial  altitude,  until  at  the  time  of  de- 
parture of  the  ice  and  deposition  of  its  drift  they  stood  sev- 
eral hundred  feet  lower  than  now,  so  that  their  coaste  were 
partially  submerged  by  the  sea.  From  the  basin  of  lake 
OhamplEun,  where  marine  fossiliferous  l>eds  of  modified  drift 
overlying  the  till  were  early  studied  by  El  and  C.  H.  Hiteh- 
cock,  the  time  of  this  recession  of  the  ice  and  rapid  forma- 
tion of  ite  moraines,  eskers  and  kames,  valley  drift  plains,, 
and  deltas,  forming  the  closing  stage  of  the  Glacial  period, 
has  been  named  by  Dana  the  Champlain  epoch. 

Accompanying  the  retreat  of  the  ice,  while  its  burden  was 
being  removed  by  the  gradual  melting  from  south  to  north  in 
Uie  northern  United  8tetes  and  southern  Canada,  there  ensued 
a  re-elevation  by  which  the  laud  was  raised  to  ite  present  alti- 
tude or  in  part  somewhat  higher.  The  inclinations  then  given 
to  the  originally  level  shore  lines  of  the  glacial  lakes  in  the 
basins  of  the  Ked  river  of  the  North  and  lake  Winnipeg  and 
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of  the  river  St.  Lawrence  show  that  a  wave  of  permanent 
epeirogenic  aplift  advaoced  from  south  to  north  and  northeast, 
closely  following  the  withdrawal  of  the  ice-  In  the  upper  Mis- 
sissippi basin,  on  the  area  of  the  glacial  lake  Agassiz,  and 
about  Hudson  bay,  this  differential  uplift  has  varied  from  prob- 
ably 100  feet  or  less  near  the  southern  boondary  of  the  drift  to 
500  feet  or  more  upon  the  greater  part  of  that  region.* 

The  Quaternary  era  has  thus  been  distinguished  by  three 
general  epeirogenic  movements  of  large  portions  of  the  earth's 
continental  areas,  first,  upward  to  great  altitudes ;  second, 
downward  lower  than  now ;  and  third,  ag^n  upward,  with 
minor  oscillations  of  depression,  giving  the  present  relations 
of  land  and  sea.  The  f  eqaence  and  wide  extent  of  these  move- 
ments, and  their  significance  as  probable  causes  of  the  accumu- 
lation and  departure  of  the  ice-sheets,  were  first  pointed  out  by 
Dana.  Later,  the  ice  weight  and  its  removal  were  shown  by 
Jamieson  to  have  been  important  factors,  respectively,  in  pro- 
ducing the  Late  Glacial  or  Champlain  downward  movement 
and  the  ensuing  re-elevation.  With  the  more  recent  discoveries 
of  the  great  depths  of  many  submerged  river  channels  on  both 
the  Atlantic  and  Pacific  coasts  of  North  America  and  on  the 
west  side  of  the  eastern  continent,  the  sufficiency  of  the  pre- 
glacial  uplifts  and  resulting  climatic  changes  to  account  for 
the  Pleistocence  ice-sheets  has  been  established.  These 
strangely  unique  conditions,  namely,  great  altitude  of  the 
land  and  accumulation  of  the  ice-sheets,  seem  to  have  been 
contempoT'aneous,  the  epeirogenic  uplifts  having  been  the 
cause  of  the  glaciation. 

The  purpose  of  the  present  paper  is  to  review  the  Late  Gla- 
cial downward  movement  which  brought  the  Ice  age  to  an  end, 
and  the  closely  ensuing  moderate  uplift  which  attended  the  re- 
cession of  the  ice-sheet,  as  these  movements  affected  the  basin 
of  the  St,  Lawrence  river.  The  accompanying  map  (Plate  III) 
shows  the  maximum  area  covered  by  the  ice  in  this  region  and 
approximate  outlines  of  the  glacial  boundary  at  successive 
stages  of  its  retreat,  with  the  formation  of  glacial  lakes,  as 
somewhat  fully  studied  in  this  paper.  We  will  first  note  briefly 
the  means  of  measuring  and  estimating  the  preglacial  altitude. 
A  measure  of  the  greater  part  of  the  Champlain  subsidence  is 
thus  obtained,  to  which  must  be  added  the  extent  of  that  de- 
pression of  the  land  below  its  present  bight.    The  progress 
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of  the  re-elevatiOQ  will  be  traced  by  the  differential  uplift- 
ing of  the  old  shore  lines  of  the  successive  glacial  lakes 
ivhich  were  the  precursors  of  the  present  great  Laarentian 
lakes,  and  by  the  limits  of  the  Cbamplain  marine  submergence- 
Through  these  studies  we  come  to  an  estimate  of  the  duration 
of  the  Postglacial  period,  derived  from  the  rate  of  erosion  of 
the  gorge  of  the  Niagara  river  below  its  falls.  Furthermore, 
a  comparison  of  the  Champlain  and  Postglacial  wave  erosion 
and  resulting  beach  deposits  of  lake  Michigan  with  those  of 
lake  Agassiz  during  ite  portion  of  the  Champlain  epoch  gives 
an  important  clue  concemingthetimerelationshipof  this  epoch 
to  the  later  and  earlier  parts  of  Quaternary  time. 

PaBOLACiAL  Elevation  of  North  Aheeuca. 

The  submerged  channel  and  fjord  of  the  Hudson  river,  con- 
tinuing to  a  distance  of  105  miles  off  the  coast  southeastward 
from  Sandy  Honk,  and  having  a  maximum  sounding  of  2,844 
feet  where  the  ocean  bed  at  each  side  on  the  margin  of  the  sub- 
marine border  of  the  continental  plateau  has  a  depth  of  only 
600  feet,  show  an  uplift  of  the  eastern  side  of  North  America 
at  the  southern  limit  of  the  ice-sheet  and  glacial  drift  to  the 
extent  of  more  than  half  a  mile.  Northward,  the  submerged 
fjord  outlets  of  the  Gulf  of  Maine,  the  Gulf  of  St.  Lawrence, 
and  Hudson  bay,  are  reported  by  Spencer,  from  his  examina- 
tion of  the  United  States  Coast  Survey  and  British  Admiralty 
charts,  to  have  depths,  respectively,  of  2,664  feet,  8,666  feet, 
and  2,040  feet.  On  the  coast  of  California  Prof.  George  Da- 
vidson, of  the  U.  S.  Coast  Survey,  has  found  numerous  sub- 
merged valleys,  sinking  to  depths  of  2,000  to  8,130  feet  where 
they  cross  the  lOO-fathom  line  of  the  marginal  plateau.  In  the 
interior  of  the  continent  the  elevation  of  the  northern  part  of 
the  Mississippi  basin  is  thought  by  Prof.  E.  W.  Hilg^d,  from 
the  fluvial  transportation  of  Archaean  pebbles  and  cobbles  to 
the  shores  of  the  Gulf  of  Mexico,  to  have  been  4,000  to  5,000 
feet  higher  than  now.  These  observations,  and  the  fjords  of 
all  our  northern  shores,  indicate  a  preglacial  uplift  of  the 
northern  three-fourths  of  North  America,  excepting  probably 
Alaska,  which  has  been  glaciated  only  in  the  St.  Elias  region 
and  southeastward,  to  a  vertical  extent  ranging  from  2,000  to 
5,000  feet  or  more  above  the  present  hight. 

During  the  Jura-Cretaceous  and  Tertiary  cycles  of  base- 
leveling,  the  St  Liawrence,  Mississippi,  Hudson  bay,  and  Mac- 
kenzie drainage  areas  had  been  sculptured  by  stream  erosion 
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to  Dearly  their  present  general  surface  features  of  plains,  pla 
teaus,  and  the  Appalachian-Laurentide  mountain  belt.  At  the 
end  of  the  Tertiary  and  durinj?  early  Quaternary  time,  the 
greater  part  of  the  continent  appears  to  have  been  bodily  ele- 
vated, with  gentle  marginal  'flexure  and  tilting,  so  that  the 
general  contour  remained  unchanged,  while  slopes  of  10  to  SO 
feet  or  more  per  mile  were  given  to  the  borders,  largely  now 
submerged,  of  the  uplifted  area.  The  hollows  which  now  con- 
tain the  Laurentian  lakes  were  parts  of  the  Tertiary  river  Gal- 
leys and  plains,  with  free  descent  to  the  sea.  On  the  south 
this  ancient  Laurentian  river  system  included  some  of  the  head 
streams  of  the  Ohio  river,  as  shown  by  Carll  and  later  writers 
np  to  the  recent  studies  of  Ghamberlin  and  Lieverett.*  The 
preglacial  uplift  of  the  country,  gradually  raising  Canada  and 
the  northern  border  of  the  United  States  to  a  greater  altitude 
than  the  Ohio  and  Susquehanna  basins,  seems  to  have  turned 
some  of  the  previously  northwardly  flowing  strecuns  back 
toward  the  south.  Tributaries  of  the  Tertiary  river  in  the 
basin  of  lake  Erie  became  affluents  of  the  Ohio;  and  probably 
several  streams  in  the  valleys  of  the  Finger  lakes,  in  central 
New  York,  were  reversed  from  their  former  course  which  bad 
been  north  to  the  river  of  the  lake  Ontario  area,  being  tamed 
south  into  the  Susquehanna  for  a  considerable  time  before  the 
maximum  ice  accumulation  and  advance. 

Late  Glacial  Subsidence. 

From  the  high  continental  elevation  whose  culmination  was 
attended  with  the  envelopment  of  an  area  of  4,000,000  square 
miles,  or  half  of  North  America,  beneath  an  ice-sheet  averag- 
ing probably  a  half  or  three-fourths  of  a  mile  thick,  there  en- 
sued a  depression  of  this  area  to  its  present  hight  and  chiefly 
lower.  Throughout  the  areas  of  lake  Agassiz  and  the  St.  Law- 
rence basin,  the  land  is  found  to  have  sunk  several  hundred 
feet  lower  than  now.  In  Maine  and  New  Brunswick,  along  the 
St.  Lawrence  and  Ottawa  valleys,  in  the  basin  of  lake  Cham- 
plain,  and  about  Hudson  bay,  the  extent  of  the  subsidence  is 
known,  by  the  marine  submergence  and  its  fossillferous  beds, 
to  have  ranged  mostly  from  200  to  500  feet  below  the  present 
sea  level;  and  in  northern  Labrador  and  Grlnnell  land,  with 
parts  of  western  Greenland,  from  1,000  to  nearly  2,000  feet. 

The  preglacial  uplifting  forces  had  been  due  probably  to  the 
gradual  cooling   and  shrinking  of  the  earth  while  mount^n- 
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buildlDg  by  folds  and  faulting  took  place  too  slowly  to  permit 
the  crust  to  accommodate  itself,  without  this  deformation,  to 
the  diminishing  inner  mass.  Iiarge  tracts  of  the  continents 
therefore  were  elevated,  in  comparison  with  other  land  areas 
and  the  ocean  beds,  since  only  by  these  changes,  tending  to  a 
perpetuation  of  the  continents,  could  a  less  volume  be  enclosed 
by  the  earth's  crust  without  subtraction  from  its  area  through 
the  formation  of  mountiuQ  ranges.  General  permanence  of  the 
continents  and  ocean  basins,  as  taught  by  Dana,  seems  thus  a 
necessary  result  of  the  epeirogenic  movements  required  by  the 
secular  cooling  and  condensation  of  the  globe.  The  growing 
tangential  stress,  however,  aided  by  the  weight  of  the  ice- 
sheets,  finally  gained  relief  in  extensive  orogenic  crumpling, 
faults,  and  overthrusts,  along  great  mountain  belts,  as  in  the 
Himalayas,  the  Sierra  Nevada,  and  the  St-  Elias  range,  all  of 
which  have  been  much  disturbed  and  increased  In  hight  dur- 
ing the  Pleistocene  period.  The  previously  elevated  lands, 
both  of  drift-bearing  regions  and  within  the  tropics,  then  sank 
to  approximately  an  isostatic  condition,  the  ice- laden  regions 
being  carried  mainly  somewhat  below  their  present  levels. 

On  the  high  surface  of  the  ice-sheets  there  still  reigned  an 
arctic  severity  of  cold.  For  some  time,  as  shown  by  Le  Conte, 
the  snow  and  ice  accnmmulation  went  on  faster  than  the  sub- 
sidence, causing  the  maxima  of  the  land  depression  and  of  the 
thickness  and  extension  of  the  ice  to  be  nearly  contemporane- 
ous. While  the  central  parts  of  the  ice-covered  areas  had  fallen 
probably  four  or  five  thousand  feet  from  their  preglacial  alti- 
tude, the  borders  of  the  ice  were  lowered  apparently  in  general 
about  half  as  much,  thereby  sinking  closely  to  their  present 
level;  and  this  sufficed  to  turn  the  balance  from  glacial  growth 
toa  beginning  of  the  final  retreat.  The  summer  heat  and  rains 
on  the  glacial  boundary,  when  reduced  to  its  present  hight, 
melted  away  the  ice  margin  faster  than  it  could  be  replenished. 
This  process  gradually  extended  inward,  giving  steep  gradients 
of  the  ice-front,  which  formed  moraines  whenever  a  series  of 
exceptionally  cool  years  and  abundant  snowfall  allowed  any 
pause  or  re-advance.  The  whole  ice-sheet,  through  the  con- 
tinuance of  the  peripheral  melting,  disappeared;  and  mean- 
while the  land  on  which  it  had  lain,  being  unburdened,  was 
moderately  re-elevated,  in  ol>edience  to  its  law  of  isostasy,  pro- 
portionally with  the  glacial  melting  and  retreat. 


;vGoo»^lc 


162  TWENTY-THIKD  ANNUAL  REPORT 

The  ChamplaiQ  epoch  was  begun  and  ended,  respectively, 
by  the  downward  and  upward  epeirogenic  movements.  It  com- 
prised the  time  of  departure  of  the  ice-sheets,  with  many 
small  and  large  glEicial  lakes  temporarily  formed  by  its  reced- 
ing barrier,  and  with  marine  submergence  to  hundreds  of  feet 
above  the  present  shore  lines.  The  Late  Glacial  snbsidence 
appears  to  have  been  principally  completed  before  the  time  of 
the  glacial  recession  and  accompanying  deposition  of  the 
lacustrine  and  marine  beds;  but  the  following  uplift  was  in 
progress,  advancing  as  fast  as  the  ice  receded,  from  the  be- 
ginning to  the  end  of  Ohamplain  time.  Indeed,  considerable 
parts  of  the  glaciated  areas  of  North  America  and  Scandinavia 
are  still  undergoing  small  a^d  slow  oscillatory  movements,  not 
having  yet,  during  the  short  Postglacial  period,  fuUy  reached 
isostatic  repose. 

Rb-elevation  by  a  Wave-like  Epeirogenic  TJpLipr. 
Both  the  glacial  retreat  and  the  accompanying  re-elevation 
of  the  land  took  place  somewhat  intermittently,  or  by  succes- 
sive steps.  Many  stages  in  the  departure  of  the  ice-sheet  are 
shown  by  its  series  of  partly  parallel  but  often  interlocking 
and  sometimes  overlapping  retreatal  moraines,  which  I  have 
mapped,  to  the  number  of  twelve,  through  Minnesota,  North 
Dakota,  and  Manitoba,  and  of  which  a  larger  number  have 
been  explored  and  mapped  ^y  Leverett  in  Illinois,  Indiana,  and 
Ohio.  On  Long  Island,  Martha's  Vineyard,  Nantucket,  and 
Cape  Cod,  I  traced  in  1878  the  two  most  southern  moraines  of 
our  Atlantic  seaboard;  and  four  or  five  others  in  New  England 
have  since  been  recognized  through  the  observations  of  Profs, 
R.  S.  Tarr  and  C.  H.  Hitchcock,  and  of  the  present  writer, 
crossing  Massachusetts,  Vermont,  and  New  Hampshire.  These 
moraines  occur  on  the  southern  part  of  the  drift -bearing  area- 
Others  farther  to  the  north  in  Canada  are  described  by  Bell, 
Tyrrell,  and  Low.  It  is  thus  learned  that  the  ice-sheet  in  the 
United  States  and  southern  Canada  gradually  withdrew  from 
south  to  north  and  northeast,  with  occasional  interruptions 
when  it  paused  or  for  a  short  time  re-advanced.  Courses  of 
glacial  strife  and  transportation  of  boulders  (which  show  the 
direction  of  ice  currents  and  the  opposite  direction  of  recession 
of  the  ice  boundary  at  the  end  of  the  Glacial  period),  reported 
byG.  M.  Dawson,  McConnell,  and  the  other  Canadian  observers 
before  named,  in  the  northern  part  of  British  America,  as  in 
the  Mackenzie  basin,  on  the  Telzoa  river,  and  about  Hudson 
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bay  and  strait,  iDdicate  that  similarly  from  the  north  side  of 
}he  contioental  ice-sheet  its  recessioual  melting  advanced  in- 
ward, which  there  was  southward,  to  the  central  parts  of  the 
drift-bearing  region. 

While,  the  vast  weight  of  the  ice  was  being  thus  removed,  the 
lake  Agassiz  area  was  being  uplifted,  as  shown  by  its  much 
inclined  highest  and  earliest  beaches,  whereas  the  latest  aad 
lowest  beaches  are  nearly  horizontal.  This  uplift  is  found  to 
have  advanced  like  a  wave  from  Minnesota  and  North  Dakota 
northward  through  Manitoba  and  northeast  to  Hudson  bay, 
permanently  elevating  the  country  as  now,  mostly  about  500 
feet  above  the  hight  which  it  held  when  first  uncovered  by 
the  glacial  melting.  Soon  after  the  ice  receded,  and  while  it 
yet  continued  to  be  the  northern  barrier  of  the  decreasing 
glacial  lake,  the  uplift  along  the  whole  extent  of  lake  Agassiz, 
more  than  600  miles  from  south  to  north,  was  practically  com- 
pleted. The  southern  half  of  that  lacustrine  area  was  first 
raised  nearly  to  its  present  hight ;  later,-  its  northern  half 
was  elevated,  while  the  southern  part  received  only  a  slight 
increase  of  hight;  and  lastly,  the  basin  of  Hudson  bay,  in  the 
center  of  the  glaciated  area  of  North  America,  has  been  raised 
from  its  Ghamplain  marine  submergence  of  300  to  500  feet.  * 
Part  of  this  elevation  on  the  shores  of  Hudson  bay  is  shown 
by  Dr.  Robert  Bell  to  have  been  very  recent,  and  it  is  even 
probably  still  in  progress. 

In  like  manner  the  Champlain  history  of  the  Laurentian 
lakes,  and  the  marine  submergence  and  emergence  of  the  St. 
Lawrence,  Ottawa  and  Champlain  valleys,  attest  a  wave-like 
advance  of  the  re-elevating  earth-movement  from  south  to 
north  and  northeast,  and  probably  in  Maine  and  the  eastern 
Canadian  provinces  from  the  coast  northwesterly,  following 
the  recession  of  the  border  of  the  ice-sheet. 

Evidence  from  the  Beaches  of  the  Glacial  Lakes 

IN  THE  St.    LAWRE^■CE    BASIN. 

Well  marked  old  channels  of  outflow  are  found  extending 
southward,  at  the  levels  of  the  deserted  beaches,  from  lake  Agas- 
siz and  from  the  glacial  lakes  which  are  now  represented  by  the 
diminished,  but  still  large,  modern  Jakes  Superior,  Michigan, 
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Huron,  Erie.  Ontano,  and  Cliamplain.  The  outlete  prove  that 
the  great  Pleistocene  water  bodies  which  occupied  these  basins 
were  lakes,  not  g^ulfs  or  arms  of  the  sea;  and  the  differential 
uplifts  of  the  basins,  increasing  toward  the  central  part  of  the 
area  of  the  continental  ice-sheet,  show  that  no  land  barriers, 
but  the  ice  itself  in  its  retreat,  held  in  these  lakes  on  their 
northward  sides. 

The  basin  of  the  St.  Lawrence  during  the  glacial  recession 
held  successively,  and  in  part  contemporaneously,  no  less  than 
eight  important  glacial  lakes,  distinguished  by  their  different 
areas,  highte,  and  places  of  outlet.  They  are  named  the  West- 
ern Superior  and  Western  Erie  glacial  lakes;  lake  Warren,  the 
most  extensive,  into  which  the  two  foregoing  were  merged; 
lake  Algonquin,  the  Buccessor  of  lake  Warren  in  the  basins  of 
lakes  Huron,  Michigan,  and  Superior;  lake  Lundy,  the  glacial 
representative  of  lake  Erie;  lake  Iroquois,  in  the  basin  of  lake 
Ontario;  lakeHudson-Champlain;  and  lake  St.  Lawrence,  into 
which  the  two  last  ^named  became  merged.  The  glacial  lake 
St  Lawrence,  which  is  the  only  one  of  the  series  hitherto  un- 
named, extended  over  the  Ottawa,  Champlain,  and  St  Law- 
rence valleys  previous  to  the  melting  away  of  the  ice  barrier, 
remaining  latest  in  the  vicinil^  of  Quebec,  by  which  event  the 
sea,  at  a  lower  level  than  the  former  lake,  was  admitted  to 
these  valleys. 

The  Western  Superior  glacial  lake.* — In  the  west  part  of  the 
basin  of  lake  Sui>erior  the  receding  ice-sheet  held  a  lake  whiclt 
outflowed  southward  through  northwestern  Wisconsin,  across 
the  present  watershed  between  the  Bois  Brul4  and  St.  Croix 
rivers.  The  highest  shore  line  of  this  lake  at  Duluth  is  535 
feet  above  lake  Superior  (which  has  a  mean  level  302  feet  above 
the  sea);  on  Mt  Josephine,  about  130  miles  northeast  from 
Duluth,  its  hight,  according  to  leveling  by  Dr.  A.  C  Lawson.t 
is  607  feet;  and  at  L'Anse  and  Marquette,  Mich.,  175  and  225 
miles  east  of  Duluth,  it  is  found  by  Mr.  F.  B.  Taylor^  about 
590  feet  above  the  lake.  The  northeastward  uplift  averages 
seven  inches  per  mile;  and  the  eastward  ascent  is  approxi- 
mately three  inches  per  mile.  The  latest  and  lowest  of  the 
Western  Superior  lake  beaches  observed  at  Duluth,  occupied 

•Proo.  A.  A.  A.  B„  vol.  xxill.  for  1888.  p.2il0.  Qeol.  and  Nat.  Hlat.  Suirey  or  MlDtie- 
BOta,  Pinal  Beimrt,  vol.  II.  IBSB,  p.  Mil  Twenty-seoond  Ann.  Bep„  for  IHB.  pp .  M-W 
IflntuaeortbUntune).  Bulletin  Oeol.  Son.  Am.,  vol.  il.  I80I,  p.SSe.  Am.  Geologist,  vol, 
xl.  p-  »T.  Hay,  1893;  and  vol.  xlv,  p.  83.  July.  18M. 

tHInneMta  Oeol.  Survey,  Twenttetb  Add.  Bep.,  tar  IVit.  pp.  ISl-SSO,  vUh  map  and 
proSIea. 

tAm.  Oeologlst,  toI.  \I1I.  pp.  SlA-iOT  and  MS-3B3,  vUb  maps,  May  and  June,  IS91. 
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by  the  "boulevard"  or  pleasure  driveway,  475  feet  above  the 
lake,  on  the  blufls  back  of  the  city,  appears  to  have  an  ascent 
of  only  about  35  feet  in  the  distance  to  Mt  Josephine,  showing 
that  the  uplift  of  the  laud  was  quite  rapidly  in  progress  while 
the  ice-front  still  maintained  the  lake  at  the  St.  Croix  outlet. 
Not  long  after  the  glacial  retreat  passed  eastward  beyond  Mt. 
Josephine  and  Marquette,  this  lake  was  lowered  and  merged 
with  lake  Warren  across  the  lowlands  of  the  northein  penin- 
sula of  Michigan.  The  vertical  interval  between  the  final 
stage  of  the  Western  Superior  lake  and  the  level  of  lake  War- 
ren shown  by  its  earliest  beach  at  Duluth  was  about  60  feet. 
Thenceforward  the  outlet  of  lake  Warren  past  Chicago  carried 
away  the  drainage  from  the  glacial  melting  and  rainfall  of  the 
Superior  basiu. 

The  Weetem  Erie  glacial  lake* — Outflowing  from  the  south- 
western end  of  the  lake  Erie  basin  by  a  large  abandoned  water- 
course, which  reaches  from  Ft.  Wayne,  Ind.,  where  the  St. 
Joseph's  and  St  Mary's  rivers  unite  to  form  the  Maumee, 
across  the  present  watershed  to  the  Wabash  river,  this  glacial 
lake  formed  two  distinct  beaches,  named  by  N.  H,  Winchell 
the  Van  Wert  and  Leipsic  ridges,  separated  by  a  vertical  inter- 
val of  15  to  20  or  25  feet  The  upper  or  Van  Wert  beach. 
with  its  crest  varying  in  altitude  from  200  to  220  feet  above 
lake  Brie  (whose  mean  hight  is  573  feet  above  the  sea),  ex- 
tends about  75  miles  east  to  Findlay,  Ohio,  and  nearly  an  equal 
distance  northeast  past  Bryan,  Ohio,  to  the  vicinity  of  Adrian, 
Mich.,  if  not  farther.  At  Findlay  the  lake  while  forming  this 
beach,  as  Winchell  and  Leverett  have  shown,  was  bounded  on 
the  north  by  the  ice-sheet  then  forming  the  Blanchard  moraine. 
The  second  or  Leipsic  beach  of  the  Western  Erie  lake,  rang- 
ing in  hight  from  190  to  210  feet,  runs  from  Ft.  Wayne  east- 
ward 175  miles  to  its  termination,  as  described  by  Leverett,  at 
the  line  of  a  later  moraine  close  southwest  of  Cleveland.  North- 
east and  north  from  the  old  outlet  the  Leipsic  beach  reaches 


•U.  IC.aiIbert,Am.  Jour  Bol.,  IIL  vol.  I.  pp.  3Se-3tfi,  vllh  map,  May,  18T1;  O«ologr 
of  Ohio,  vol.  1, 1878,  pp.  640-558,  with  two  maps.  N.  H.  WloobeU.  PrOC.  A.  A.  A.S..  vol. 
III.  for  1ST2.  pD.  ITI'lTg;  Geology  of  Ohio,  vol.  11,  ISIl.  pp.  SO,  tXl-ASi,  etc.  J.  S.  Neir- 
berr;,  Oeology  al  Ohio,  vol.  11,  pp.  <S-fl5.  wltb  three  maps  aad  DumerousBectioaB.  E. 
W.  Olaypole.  "The  Lake  Age  la  Ohio,"  Trans.  Qeol.  Soo,  Edinburgh,  1687,  pp.  4S,  with 
tourmaps.  O.  F.  Wright.  "The  loe  Ageln  North  Amerla&,"  1880,  chapter  xv  (with  re- 
pr«ductlonot  Prof.  Clay  yole'a  maps,  that  of  lake  Erle-Oiitarlo  being  an  p.  BS5).  J.  W. 
Bpenoer,  Am.  Jour.  Sol.,  lit,  vol.  Ill,  p.  aiS,  with  map,  March.  1B91;  Bulletin,  Oeol.  Soo. 
Am..  voL  11, 1H)I,  pp.  M5-4TS.  with  map.  Frapk  LeverettAm.  Jour.  Sol.,  llf,  vol.  ilUI,  pp. 
SS1-S9T,  with  map,  April,  ISS!.  Warren  Dpham.  Bulletin,  Geol.  8oO.  Am.,  vol.  11,  p.  Mi 
HlnaeBota  Geol.  Sarrey,  Twanty-secoad  Ann.  Rep.,  for  1893.  p.  Stt  (Brat  use  of  the  name 
Wattm  Erie  ifiaciaX  loto). 
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about  165  miles,  past  Adrian  and  Ypsilanti  to  Imlay,  Mich., 
being  nearly  level  to  Ypsilanti,  but  thence  in  the  60  miles  on- 
ward to  Imlay  having  a  rise  of  about  95  feet,  to  an  altitude 
S49  feet  above  the  sea.  With  the  recession  of  the  ice-sheet  and 
the  extension  of  this  lake  tu  Imlay,  a  lower  outlet  was  opened 
over  the  watershed  between  the  Shiawassee  and  Grand  rivers 
in  Michigan,  729  feet  alwve  the  sea  or  148  feet  above  lakes 
Huron  and  Michigan,  where  the  Western  Erie  glacial  lake  be- 
came conSuent  with  lake  Warren  and  was  thus  reduced  about 
30  feet,  falling  from  the  Leipsic  or  lower  Western  Erie  beach 
to  the  Belmore  or  earliest  i>each  of  lake  Warren  in  the  Erie 
basin. 

Upon  a  large  area,  extending  from  Ft.  Wayne  east  to  Cleve- 
land and  northward  to  Ypsilanti  and  Detroit,  the  attitude  or 
general  slopes  and  levels  of  the  land  have  remained  unchanged 
since  the  departureof  the  ice-sheet,  for  these  earliest  beaches 
and-the  lower  l>eaches  of  lake  Warren  in  the  same  area  are 
still  nearly  horizontal.  The  whole  country  there,  however, 
has  beentuplifted,  without  tilting,  about  110  feet,  after  the  end 
of  the  separate  existence  of  the  Western  Brie  lake,  for  this  is 
the  hight  of  the  Belmore  beach  around  the  west  end  of  lake 
Brie  above  the  highest  and  earliest  beach  of  lake  Warren  at 
Chicago.  A  greater  and  differential  uplift,  with  rapid  tilting 
of  northward  ascent,  was  taking  place  north  and  northeast  of 
Detroit  during  the  Belmore  and  lower  stages  of  lake  Warren, 
simultaneous  with  the  uniform  elevation  of  the  Western  Erie 
glacial  lake  area.  Further  we  learn  that  about  half  of  the  up 
lift  of  110  feet  for  this  region  has  occurred  before  the  begin 
ning  of  lake  Algonquin  and  the  date  of  the  Algonquin  beach, 
since  that  beach  has  a  hight  of  602  feet  near  the  south  end  of 
lake  Huron,  being  60  feet  higher  than  the  correlative  subla- 
custrine  terrace  plane  beneath  the  surface  of  lake  Michigan 
near  Chicago,  which  marks  the  old  Algonquin  shore  there. 

Lake  Warren.*— Liike  the  Western  Superior  and  Western  Erie 
glacial  lakes,  the  far  more  extensive  lake  Warren  at  the  be- 
ginning of  its  existence  occupied  only  the  southern  end  of  the 

•J.  W.  Spencer.  Science,  vol.  xl,  p.  tg.  Jan.  27.  1888  (propoBlng  tbU  name  la  honor  ot 
Gen.  O.K.  Wftrron);  Proe.  A.  A.  A.  3,.  vol,  xjhtII,  tor  1888.  pp.  IK-IVB;  Trans.  Roy. 
9oc.  of  Caa&da.  vol.  vli.  for  18W.  hgc.  Iv.  p.  12Z:  Am.  Jour.  ScU  III.  vol.  MI,  pp.  201-211. 
Tltb  iiiap,  March,  1801;  Bulletin.  Geol.  Soo.  Am.,  vol  1i.  pp.  U5-tTe,  wltti  map.  April, 
Uai:  "A  Revlev  of  the  History  of  the  Great  Lakes,"  Am.  OeoLogUt,  toI.  i^t,  pp.  28»- 
301,  Nov_  l^tloontalnlagoltatlonsof  many  additional  papers  by  Prot.  Spencer  and 
others).  Q.  K.  Gilbert,  ■'Gbangea  of  Level  ot  the  Great  Lakes."  In  Tbe  Forum,  vol.  r. 
pp.  4I7-1!S.  June.  1888;  "Hlatory  of  the  Niagara  Elver,"  In  Slith  Annual  Kcport  ot  the 
GoDimlMloners  ot  tbe  State  Reservation  at  Niagara,  for  leso.  pp.  81-84.  with  eight 
plateslalsoln  theSmllLsonlan  An.Rep.  for  ISM  pp.  ]3I-39i'):  Qeology  of  Ohio.  vols,  t 
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basia  of  lake  Michigan.  It  grew  northward  as  the  ice-sheet 
retired,  and  in  due  time  it  received  these  two  lakes  to  itself, 
expanding  thus  into  the  basin  soC  lakes  Superior,  Huron,  and 
Erie.  The  mazimuni  development  of  lake  Warreo  stretched 
from  Thomson,  Minn.,  above  and  west  of  Duluth,  eastward 
to  lake  Nipissin^,  a  distance  of  nearly  600  miles;  and  from 
Chicago,  where  it  outflowed  to  the  Des  Plaines,  Illinois,  and 
Mississippi  rivers,  it  extended  eastward  in  its  highest  stages 
across  bhe  southern  peninsula  of  Michigan,  and  later  by  way 
of  the  strait  of  Mackinaw  and  over  lakes  Huron,  St.  Clair,  and 
Erie,  to  the  west  end  of  the  lake  Ontario  basin  and  to  Critten- 
den in  southwestern  New  York.  This  area  exceeded  100,000 
square  miles,  being  nearly  equal  to  the  glacial  lake  Agassiz. 
The  Belmore  and  Nelson  beaches,  the  two  highest  formed  by 
lake  Warren  in  the  basins  of  lakes  Erie,  Huron,  and  Superior,  • 
called  by  Spencer  the  Rtdgeway  beach  (a  later  name  than  N. 
H.  Winchell's  "Belmore  ridge")  in  their  united  course  about 
the  west  half  of  lake  Brie,  show  that,  since  the  fullest  expan- 
sion of  this  great  glacial  lake,  the  whole  basin  of  lake  Superior 
and  the  country  eastward  to  lake  Nipissing  have  been  uplifted 
400  to  550  or  600  feet,  in  comparison  with  Chicago  and  the 
southern  part  of  the  lake  Michigan  basin,  while  the  uplift  at 
Cleveland  has  been  about  115  feet,  and  at  Crittenden,  N.  Y., 
not  less  than  260  feet  (more  probably  about  300  feet). 

In  the  vicinity  of  Chicago,  lake  Warren  formed  three 
beaches,  belonging  to  lake  levels  successively  about  4d  to  50 
feet,  15  feet,  and  30  feet  above  lake  Michigan.    That  the  beach 

and  il.  Frank  LersTett.  paper  before  oll«d;  '■Balsed  BeiJjbeH  of  Lake  Michigan." 
Tiuis.  WtsoaDBln  Academ;  ot  Sciences.  Arls.  and  Letters,  vol.  vll,  pp.  m-ie2|read 
Deo,  3D,  IBST).  A.  O.  LawsOD.  "Sketch  of  the  Coastal  TopoRrapy  ot  the  North  Side  of 
Lake  Superior,  with  Speelal  Beference  to  the  Abandoned  Straadfl  of  Lake  Warren." 
Minnesota  Qeol.  Burver,  Twentieth  An.  Rep.,  for  ISBI,  pp.  181-280.  with  map.  profiles 
Hnd  flgures  from  phot^rapha.  F.  B.  Taylor,  Am.  Jour.  Scl..  III.  toI.  illil,  pp.  210-Sl»<, 
Uarch,  iee2  (Mackinac  Island);  Bulletin  Geol.  Soc.  Am.,  vol,  v.  pp.  tSO-BU,  with  maps. 
April.  IBH  Hake  Nlpl9Bln|();  Am.  Geoloitlat.  vol.  xlil.  pp.  S1(I-)2T  (Qreen  bay)  and  3«t-!fi» 
(soutbcoaatoClakeSuperlor),  with  maps.  Ha;  and  June.  ISW;  Id  ,  vol.  Mv.  pp.  ?i3-38e 
(enat  of  Oeorglaa  hay),  with  map,  Nov.,  1894.  The  highest  beaoh  on  MiickiDnc  iHlund. 
which  Mr.  Taylor  oalla  the  "Algonquin  beach,"  Bcema  to  be  correlative  with  his  Nel- 
son and  higher  beaches  In  the  vlulnit;  of  lake  Nlplsslng.  reKarded  In  tbla  pupur  as 
marking  the  early  high  stages  of  lake  Warren.  O.  Whittlesey,  Bmlthaoalan  Oontrlbu-  ' 
tlons,  vol.  XV,  I8S1.  pp.l7-2J.  E.  Andrews,  "The  North  American  Ljikes  considered  as 
Ohronometers  of  Postglacial  Time."  Trans.  Chicago  Academy  of  Scloncea,  vol.  II. 
Nearly  all  the  edition  ot  tbis  Important  paper  was  consumed  In  the  Chicago  Bre  ot 
18T1.  It  U  quite  fnlly  reproduced  by  James  0.  Southall  la  "The  Recent  Origin  ot 
Uan,"  1873.ahapter  xxxllUpp.  4)1-303.  with  seottoag);  and  In  "The  Epoch  of  the  Ham- 
moth  and  the  Apparition  of  Uan  upon  Ihe  Earth,"  1BT8.  chapter  ixll  (pp.  318-SBT,  with 
seotkins).  N.  H.  Wlnohell,  J.  S.  Newberry.  E.  W.  Olaypola,  and  Q.  F.  Wright,  as  before 
oiled.  Geol.  Survey  of  Canada.  Report  of  Progress  to  1883.  pp.  612.  013.  Warren  Dphani. 
BalletinOeoLSoc.  Am.,  vol.  II.  pp.!SS-2«6!  vol.  Ill,  pp.  4SI-187i  Qeology  nt  HInaeeota. 
Tveaty-second  Ad.  Rep.,  tor  ISKI,  an  before  cited:  Am.  Oeologlat,  vol.  xlv,  pp.  82-4S, 
July,  IWI. 
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at  30  feet  was  formed  after  that  at  15  feet  is  shown  hy  the 
occarrence  in  some  places  of  a  peat  deposit,  described  by 
Andrews  and  Leverett,  which  passes. underneath  the  30  feet 
beach  and  iscoDtinuous  from  its  npper  sidedown  to  the  lower 
beach.  The  peat  marks  a  land  surface  over  which  the  lake 
rose  to  form  the  middle  or  third  beach,  after  having  stood  at 
the  lower  or  second  beach  for  some  time.  Still  later,  however, 
it  probably  again  stood  at  the  lower  level,  corresponding  to 
the  present  watershed  in  the  abandoned  outlet.  This  old 
channel  of  outflow,  at  its  summit,  as  I  am  informed  by  Mr. 
Ossian  Guthrie  from  the  canal  survey,  is  now  II  feet  above 
the  mean  level  of  lake  Michigan,  but  the  surface  there  is  post- 
glacial silt;  at  another  point,  where  the  channel  bed  consists 
of  till,  and  at  a  third  place  where  the  bed  is  rock,  its  higbt  in 
each  case  is  only  eight  feet  above  the  present  lake,  or  590  feet 
above  the  sea.  The  mouth  of  lake  Warren  appears  to  have 
been  at  first  near  Lemont,  on  the  Des  Plaines  river,  about  25 
miles  from  the  lake,  where  the  river  valley  was  obstructed  by 
drift  which  buffered  erosion,  allowing  the  mouth  of  the  lake  to 
be  transferred  gradually  upstream,  at  the  same  time  being 
lowered  to  its  final  position  ten  miles  from  the  lake  shore  in 
Chicago.  Epelrogenic  movements,  between  the  times  of  form- 
ation of  the  second  and  third  beaches,  slightly  lifted  the  outlet 
and  adjacent  portion  of  the  course  of  the  I>es  Plaines  river,  as 
compared  with  the  southern  and  southwestern  part  of  the  lake 
Michigan  basin,  causing  the  old  lake  to  extend  a  little  farther 
on  that  side  than  before.  Toward  the  north  and  east,  how- 
ever, this  change  was  doubtless  more  than  counteracted  by 
the  rapid  differential  rise  of  the  land. 

Fresh-water  shells  are  found  abundant  in  the  15  feet  beach 
at  Evanston  and  elsewhere  southward  through  Chicago.  All 
the  species  obtained,  representing  ten  or  more  genera,  are 
still  living  in  this  region.  Wood  of  oak  and  cedar,  and  the 
thigh  bone  of  a  deer,  have  been  also  found  in  the  same  beach 
at  Evanston.* 

For  the  distance  of  about  165  miles  from  Chicago  north  to 
the  south  end  of  Green  bay,  the  highest  shore  of  lake  Warren 
api>ears  to  be  now  nearly  level,  for  Mr.  Taylor  finds  evidence 
of  submergence  only  to  a  hight  of  some  20  feet  above  that  part 
of  Green  bay  and  the  neighboring  lake  shore.  Thence  north- 
ward, however,  the  beach  rises  about  1.4  feet  per  mile  for  110 
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miles  to  Cook's  Mill,  near  the  north  end  of  this  6ay:  in  60 
miles  from  that  latitude  north  to  Honghton,  it  has  an  ascent  of 
£60  feet,  or  4^  feet  per  mile;  bat  in  about  90  miles  onward, 
across  lake  Superior  to  Kaministiquia,  where  the  shore  is  455 
feet  above  that  lake,  the  rate  of  northward  ascent  is  reduced 
to  only  a  half  of  a  foot  per  mile, 

Along  a  west  to  east  course,  the  Nelson  beach  (named  by 
Taylor  in  the  vicinity  of  North  Bay,  lake  Nipissing,  probably 
not  distinct  from  the  Belmore  beach  in  Ohio  and  northward  to 
Mackinac  island)  is  385  feet  above  lake  Superior  at  Duluth; 
410  feet  at  Houghton,  having  an  eastward  ascent  of  25  feet  in 
150  miles;  414  feet  at  the  Sault  Ste.  Marie,  running  level  for 
200  miles  east  from  Houghton;  and  about  5S8  feet  at  the  north 
side  of  lake  Nipissing,  or  497  feet  above  that  lake,  and  1,140 
feet  above  the  sea.  In  the  distance  of  220  miles  from  Sault  Ste. 
Marie  to  lake  Nipissing  this  beach  now  shows  an  ascent  of 
124  feet,  or  about  seven  inches  per  mile.  These  figures,  with 
the  preceding  from  Houghton  to  the  north  side  of  lake  Su- 
perior, justify  to  a  remarkable  degree  Dr.  Lawson's  opinion 
that  the  ancient  shore  lines  of  lake  Warren  in  the  Superior 
basin  remain  parallel  with  the  water  level  of  to-day.  As  com- 
pared with  Chic^o,  the  country  enclosing  lake  Superior  has 
been  uplifted  400  to  450  feet;  and  the  greater  part  of  the  dif- 
ferential elevation,  expressed  by  tilting,  took  place  upon  the 
west  to  east  belt  of  the  northern  peninsula  of  Michigan. 

Three  beaches  of  lake  Warren  are  mapped  by  Spencer  and 
named  the  Ridgeway,  Arkona,  and  Forest  beaches  in  Ohio, 
southeastern  Michigan,  and  the  province  of  Ontario  north  of 
lake  Erie.  These  probably  represent  f^he  three  noted  at 
-ChicEhgo  and  about  the  south  part  of  lake  Michigan.  Farther 
north  the  number  of  distinct  shore  lines  is  much  increased. 
In  and  near  Duluth  I  find  eight  beaches  referable  to  lake 
Warren,  the  lowest  being  50  feet  above  lake  Superior.  On 
northern  portions  of  the  lake  Superior  coast  several  of  these 
seem,  as  shown  by  Lawson's  observations  with  leveling,  to  be 
each  represented  by  two  or  more  shores,  separated  by  vertical 
intervals  of  10  feet  or  more.  Most  of  the  northern  beaches, 
it  should  be  remarked,  are  very  feebly  developed,  even  in  the 
most  favorable  situations  for  their  formation,  and  are  not  dis- 
cernible along  the  far  greater  part  of  the  lake  borders.  Dur- 
ing all  the  time  of  differential  uplifting  of  the  lake  Warren 
basin  and  sinking  of  the  water  surface,  whenever  the  diminish- 
ing lacustrine  area  was  nearly  unchanged  for  a  few  years  or 
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longer,  the  erosion  and  deposition  effected  by  the  great  waves 
of  storms,  and  the  tribate  of  streams  forming  deltas,  recorded 
these  short  lines.* 

Lake  Algonquin.] — When  the  glacial  melting  and  retreat  at 
length  permitted  an  outflow  from  the  St.  Lawrence  basin  o%'er 
a  lower  pass,  which  was  through  central  New  York  to  the 
Mohawk  and  Hudson,  the  water  surface  of  the  basins  of  lakes 
Michigan,  Huron,  and  Superior,  fell  only  some  50  or  75  feet, 
from  the  latest  and  lowest  stage  of  lake  Warren  to  its  short- 
lived successor,  lake  Algonquin.  This  lake  appears  to  have 
been  ice-dammed  only  at  low  places  on  its  east  end,  as  at  or 
near  the  heads  of  the  Trent  and  Mattawa  rivers,  lying  respect- 
ively east  of  lakes  Simcoe  and  Nipissing,  where  otherwise  its 
waters  must  have  been  somewhat  further  lowered  to  outflow 
by  these  passes.  Careful  study  and  comparison  of  the  work  of 
Spencer  in  tracing  the  Algonquin  beach  about  the  southern 
part  of  lake  Huron  and  Georgian  bay,  and  of  Taylor  in  tx- 
ploration  of  his  "Nipissing  beach"  from  Duluth  east  along  the 
south  coast  of  lake  Superior  and  the  north  side  of  lake  Huron 
and  Georgian  bay  to  lake  Nipissing,  convince  me  that  these 
beaches  were  of  contemporaneous  formation,  marking  respect- 
ively the  southern  and  northern  shores  of  lake  Algonquin,  and 
therefore  both  to  be  known  by  the  name  Algonquin  l>each  of 
Spencer,  according  to  the  law  of  priority.  The  earliest  and 
principal  stage  of  lake  Algonquin  is  shown  by  these  beaches 
to  have  coincided  closely  in  area  with  lakes  Michigan  and 
Superior,  but  to  have  been  considerably  raore  extensive  east- 
ward than  the  present  lake  Huron  and  Georgian  bay.  It  held 
a  level  which  now  by  subsequent  differential  epeirogenic  move- 
ments is  left  probably  wholly  below  the  level  of  lake  Michigan 
by  a  vertical  amount  ranging  from  almost  nothing  to  about  40 
feet.  Its  shores  were  nearly  coiacident  with  the  western  shore 
of  lake  Huron,  but  eastward  they  are  now  elevated  mostly  150 

•Ptot.  Spencer,  In  hia  Iktest  paper  ('-A  BeHow  o(  the  History  of  the  Great  Lakes," 
Am.  QsologUt,  voL  lEv.  pp.  3S6.  301.  Not.,  IBQI),  gupposes  tbat  an  outflow  from  Ukes 
Superior,  Huron.  Michigan,  and  Erie,  paused  b;  the  war  ot  Chicago  to  the  Des 
Flalnea  and  Mississippi  rivers  bo  lately  as  about  l.SOO  rears  ago,  when  the  Niagara 
river  had  out  back  Its  gorge  M  the  Johason  ridge,  about  a  mile  north  of  the  present 
Bite  of  the  falls.  This  would  have  toroied  a  beach  10  to  15  feet  above  lakea  Ulcblgun 
andHuron,  and  about  20  to  25  (oetabore  lake  Erie,  around  all  their  shores:  and  the 
absence  of  such  a  modern  and  still  horlzoutal  ahora  llae,  slightly  hiKher  than  the 
present  lake  lerols  upoa  all  this  large  area,  forbids  an  auceptanco  of  this  hypothesis, 

tj.  W.  Spencer,  "Deformatlou  of  the  Algonquin  Beach,  and  Birth  o(  Lake  Huron," 
Am.  Jour.  Sol.,  Ill,  vol.  ill,  pp.  12-!l,  with  map.  Jan.,  IBBl;  and  other  papers  beCore 
cited.  G.  K,  Gilbert,  F.  B.  Taylor,  and  Warren  Dpiiam,  as  before  olted  for  lake  War- 
ren. O.F.  Wright,  BuUetlnOeol.Soc.  Am.,  vol.lv.  pp.m-S;  with  ensuing  discussion 
by  Dr.  Robert  Bell,  pp.  1SS-T. 
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to  200  feet  above  that  lake  and  Georgian  bay;  and  in  the  lake 
Superior  basin  they  vary  from  about  50  feet  above  lake  Su- 
perior at  its  mouth,  add  along  its  northeastern  and  northern 
shores,  to  25  feet  at  Houghton,  and  to  a  few  feet  or  none  at 
Duluth. 

The- Algonquin  beach  at  the  south  end  of  lake  Hutvn  coin- 
cides very  closely  with  the  land  su  rf ace  there  and  with  the 
present  St.  Clair  and  Detroit  rivers,  by  which  the  earliest  out- 
flow of  the  old  glacial  lake  probably  passed  southward  and 
thence  ran  east  as  a  glacial  River  Erie,  at  first  tributary  to  lake 
Lundy.  As  soon  as  that  very  briefly  existing  glacial  lake  was 
drained  away,  the  river  followed  the  lowest  part  of  the  shallow 
bed  of  the  present  lake  Erie  along  all  its  extent,  which  then 
had  an  eastward  descent  of  probably  200  feet,  allowing  no  lake 
or  only  a  very  small  one  to  exist  in  the  deepest  depression  of 
the  basin;  and  north  of  Buffalo  it  coincided  with  the  course  of 
the  Niagara  river. 

Gilbert,  Wright,  and  Spencer,  have  thought  that  for  a  long 
time  the  outflow  of  the  three  great  lakes  above  lake  Erie  passed 
by  the  way  of  lake  Nipissing  to  the  Mattawa  and  Ottawa  riv- 
ers It  seems  to  me  far  -more  probable,  however,  that  the 
epeirogenic  uplift  of  the  Nipissing  region,  which  had  elevated 
it  already  about  400  feet  during  the  existence  of  lake  Warren, 
continued  so  fast  that  both  the  Trent  and  Nipissing- Mattawa 
passes  were  raised  the  additional  50  feet  needed  to  place  them 
above  the  level  of  lake  Algonquin  before  the  glacial  retreat  un- 
covered the  country  east  of  them  so  that  outlets  could  be  ob- 
tained there. 

With  the  continuance  of  the  uplift  of  the  lake  Superior  basin 
after  the  formation  of  the  Algonquin  beach,  the  mouth  of  lake 
Superior  aud-the  Sault  Ste.  Marie  came  into  existence;  and  this 
movement  allowed  the  lake  level  at  Duluth  to  fall  probably  40 
or  50  feet  beneath  the  Algonquin  and  present  shore  line.  Sub- 
sequent differential  elevation  of  the  eastern  and  northern  parts 
of  the  basin,  as  compared  with  Duluth,  has  again  brought  the 
west  end  of  the  lake  up  to  the  Algonquin  shore,  bat  not  until 
the  St  Liouis  river,  while  the  water  surface  stood  considerably 
lower  than  now,  had  deeply  eroded  its  broad  channel  through 
the  very  gently  sloping  expanse  of  till  from  Fond  du  Lac  to 
the  harbor  of  Duluth  and  Superior. 

The  differential  uplift  of  the  Algonquin  beach,  as  compared 
with  Chicago  and  the  previous  mouth  of  lake  Warren,  has  been 
about  60  feet  near  the  mouth  of    lake  Huron  and  at  Duluth; 
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110  feet  at  the  mouth  of  lake  Superior;  200  feet  at  lake  Nipis- 
siug;  aud  240  to  290  feet  at  Barrie,  Ijorneville,  and  Orillia.  on 
lake  Simcoe.  A  broad  lobe  of  the  waning  ice-sheet,  terminat- 
ing on  the  highland  area  between  the  south  end  of  Greorgian 
bay  and  the  west  end  of  lake  Ontario,  appears  to  have  delayed 
the  elevation  of  that  district,  so  that  subsequent  to  the  forma- 
tion of  the  Algonquin  beach  more  uplifting  took  place  there 
than  at  the  north  side  of  Georgian  bay  and  about  lake  Kipis- 
sing.  The  ascent  of  the  Algonquin  beach  in  nearly  200  miles 
from  the  mouth  of  lake  Huron  northeasterly  to  lake  Simcoe 
averages  about  a  foot  per  mile;  and  thence  in  about  135  miles 
north  to  lake  Nipissing  it  descends  at  an  average  rate  of  about 
eight  inches  per  mile. 

While  the  eastern  part  of  the  lake  Algonquin  area  was  being 
much  uplifted,  with  the  formation  of  other  beaches  below  the 
first,  probably  the  southern  part  of  the  lake  Michigan  basin 
remained  with  a  very  slight  change  of  attitude  or  none,  having 
previously  risen  to  approximately  its  present  hight,  which  it 
has  since  held  with  little  or  no  change.  But  the  northeast- 
ward elevation,  raising  the  country  where  lake  Algonquin  and 
now  lake  Huron  have  outflowed,  gradually  caused  the  water 
level  at  Chicago  to  rise  some  40  feet  above  its  old  Algonquin 
level,  which  is  shown  by  a  sublacustrine  terrace  formed  by  the 
Algonquin  erosion  and  beach  accumulation. 
■  On  the  Saugeen  river,  Ontario,  and  near  the  south  end  of 
Georgian  bay,  fresh-water  shells  are  found  in  beds  belonging 
to  stages  of  lake  Algonquin  respectively  about  40  and  100  feet 
below  the  main  and  earliest  Algonquin  beach,  or  90  and  78  feet 
above  the  present  lake  and  bay. 

Lake  Lundy* — From  the  Forest  beach  at  Crittenden,  Erie 
county,  N.  Y.,  marking  the  latest  level  of  lake  Warren,  there  is 
a  descent  of  125  feet  between  860  and  735  feet  above  the  sea  to 
the  earliest  strand  of  the  glacial  lake  Lundy,  which  for  a  time 
occupied  the  northeastern  three-fourths  of  the  lake  Erie  basin. 
A  more  conspicuous  principal  Lundy  beach,  30  feet  lower,  on 
which  is  the  "ridge  road"  named  Lundy  lane,  near  Niagara 
Falls,  has  an  eastward  ascent  of  30  feet  in  about  40  miles  from 
Font-hill,  Ont,  to  Akron,  N.Y.,  five  miles  north  of  Crittenden. 
Lake  Lundy  opened  through  a  strait  about  30  miles  wide  into 
the  lake  Ontario  basin.  Its  outflow  passed  eastward,  across  the 
country  close  north  of  the  Finger  lakes,   to  the  Mohawk  and 
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Hudson  valleys,  still  partly  filled  by  the  receding  iee-sheet  and 
permitting  a  series  of  mouths  of  lake  Lundy  to  be  fouad  at  suc- 
cessively lower  levels,  untU  as  the  ice-border  withdrew  the 
water  soon  sank  to  the  lowest  point  of  the  Ontario-Mohawk 
watershed  at  Kome,  N.  Y.,  where  its  level  long  remained,  form- 
ing the  Iroquois  beach.  One  of  the  stages  of  the  sinking  lake 
Lixmdy  or  incipient  lake  Iroquois,  probably  nearly  midway  in 
altitude  between  the  Lmndy  and  Iroquois  beaches,  I  find  to  be 
indicated  by  my  studies  of  eskers  in  Rochester  and  Pitts- 
ford,  N.  Y.* 

Lake  TroquoU,]— This  glacial  lake,  overflowing  at  Rome  to 
the  Mohawk  and  Hudson,  occupied  less  area  in  the  west  part 
of  the  lake  Ontario  basin  during  its  earliest  stage  than  during 
the  later  and  probably  longer  enduring  lake  stage  by  which 
the  high  Iroquois  beach  in  that  region  was  formed.  Previous 
to  the  date  of  the  western  development  of  the  Iroquois  beach, 
the  early  water  level  stood  atone  time  only  a  little  higher  than 
the  present  lake  Ontario  at  Toronto  and  Scarboro  Highte,  6  to 
XB  miles  east  of  Toronto,  as  compared  with  the  altitude,  doubt- 
less absolutely  lower  than  now  with  regard  to  the  sea,  which 
the  land  then  held  in  that  part  of  the  lake  basin.  This  is 
shown  by  the  occurrence  of  fossil  fresh-water  moUusks  of 
fourteen  species,  and  wood  of  ash,  oak,  and  American  yew,  in 
beds  at  Toronto,  described  by  Coleman,  which  now  are  33  ixy 
51  feet  above  lake  Ontario,  or  280  to  298  feet  above  the  sea. 
All  the  moUusk  species  are  now  living;  but  four  are  restricted, 
so  far  as  Imown,  to  waters  tributary  to  the  Mississippi.  A 
boulder-bearing  surface  deposit  above  these  beds  proves  that 
the  front  of  the  ice-sheet  was  not  far  distant;  but  the  climatic 
conditions  of  that  time,  clearly  indicated  by  the  fauna  and 
flora,  were  as  mild  as  now.  There  next  ensued,  probably,  a 
gradual  rise  of  the  lake,  due  to  an  uplifting  of  the  country 
about  its  outlet  at  Rome,  until  it  stood  at  the  level  of  the  well 

■ProceedlngBOf  theRoobeater  Aobdemy  of  8cleDoe.Tol.  II,  pp.  IM-IOS.  Jftn,  IBW. 

tJ.  W.  Speucar,  "rbeDeformatloa  of  tbe  Iroquoli  Beach  utd  Blnh  ol  Lkke  On- 
Uilo,"  Ant.  Jour.  Scl.,  III.  toI.  iI.  pp-  H3-4tI.  wltb  map,  Dec.,  1890;  aad  papers 
preTlouHlj  olted.  Thomaa  Boy  (In  paper  by  Sir  Oharles  Lyel!),  Prooeedlngs  Qeol. 
Soo.,  London,  vol.  II,  I83T,  pp.  S3T,  S38.  Sir  Obarloi  Lyell,  Travels  In  N.  A„  in  lUl-lS, 
vol.  II,  chapter  xx.  E,  J.  Chapman,  Oinadlan  Journal,  dsit  series,  vol.  tI,  1661,  pp. 
TSl-TSB.  aod  407.  MS.  Sandrord  Fleming,  Can.  Jour.,  same  vol.  v1,  pp.  !4T-3G1. 
Qeotse  J-  Ulude,  Cbd.  Josr.,  vol.  xv,  ISTt,  pp.  368-413.  A.  P.  Ooleman,  Am.  OeoloiUt. 
vol.  ilU,  pp.  SS-aS,  Pell..  1991.  Qeol.  Survey  ot  Cftnadn.  Reportot  Progress  to  186!t.pp. 
«ia,<llS.  JameaHall.GeDloity  ol  New  York,  Part  Iv,  1813.  pp.  348-331.  Baron  Gerard 
de  Oeer,  "On  Pleistocene  Oliangei  ot  Level  la  eusteni  North  America."  Proa  Boston 
Boc.  Nat.  Hist.,  vol.  xxv,  1802.  pp.  4.'H-477,  wltb  map:  alto  (eioeptlag  the  map)  in  Am. 
GeoloslBt,vol.il,pp.2i-U.Jan.,1693.  G.  K.  OIlborE,  R  B.  Taylor,  E,  W.  Ot*rpole,0. 
F.  Wright,  and  Warren  Upfaam,  as  clud  for  lakes  Warren  and  Algonquin. 
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defined  Iroquois  beach,  which  has  a  hight  at  Toronto  of  about 
200  feet  above  lake  ODtario.  Thick  fossiliferous  delta  deposits 
bad  been,  meanvhile,  brought  into  the  north  edge  of  the  lake 
at  Toronto  aud  several  miles  eastward  along  the  lake-cliff  sec- 
tion of  Scarboro  Hights.  described  by  Hinde;  and  repeated  re- 
advances  of  the  ice-front,  one  during,  and  another  after,  the 
delta  accumalation,  formed,  at  the  locality  last  noted,  two  de- 
posits of  till  or  boulder-clay. 

Id  a  limited  sense  the  Toronto  and  Scarboro  fossils  may  be 
called  luterglacial.  since  they  lie  between  deposits  of  glacial 
drift;  but  they  seem  better  referred  to  moderate  oscillations 
of  the  ice  boundary  than  to  the  distinct  glacial  epochs  which  - 
Coleman  and  Hinde  infer  from  them.  Both  these  beds  and 
the  richly  fossiliferous  Leda  clays,  which  last  overlie  the  latest 
glacial  drift  in  the  St.  Lawrence,  Ottawa,  and  Champlaia 
valleys,  may  be  referred  to  the  closing  stage  or  ChamplaiD 
epoch  of  the  Ice  age;  and  they  both  testify,  like  the  partially 
forest- covered  Malaspina  ice-sheet  in  Alaska,  of  the  close 
sequence  of  a  warm  climate,  with  luxuriant  plant  and  animal 
life,  during  and  immediately  after  the  recession  of  the  ice- 
sheet.  The  transition  from  the  Glacial  to  the  Champltun 
climate  seems  readily  explained  by  the  epeirogenic  depression 
which  ended  the  Glacial  period.* 

The  hight  of  lake  Ontario  is  247  feet;  and  that  of  the  old 
Iroquois  outlet  crossing  the  water-shed  at  Rome  is  440  feet, 
above  the  sea  level.  Thence  the  Iroquois  beach  in  its  course 
northward  adjacent  to  the  eastern  end  of  lake  Ontario  has  a 
gradual  ascent,  determined  from  leveling  by  Mr.  G.  K.  Gilbert 
and  the  present  writer,  of  about  five  feet  per  mite  along  a  dis- 
tance of  55  miles  to  the  latitude  of  Watertown,  where  the 
highest  beach  is  730  feet  above  the  sea,  showing  that  a  differ- 
ential uplift  of  about  290  feet  has  taken  place,  in  comparison 
with  the  Rome  outlet.  From  Borne  westward  to  Rochester, 
the  beach  has  nearly  the  same  hight  with  the  outlet;  but 
farther  westward  it  descends  to  8d5  feet  above  the  sea  at 
Lewiston  and  363  feet  at  Hamilton,  at  the  western  end  of  lake 
Ontario.  Continuing  along  the  beach  north  of  the  lake,  the 
same  elevation  as  the  Rome  outlet  is  reached  near  Toronto, 
and  thence  east-northeastward  an  uplift  is  found,  according  to 
Spencer's  leveling,  similar  to  that  before  described  east  of  the 

*J.  D.  Dans.  Trans.  Conn.  Aaad,  or  Arts  and  Sclencea,  vol.  11, 1870,  p.  ST;  Am.  Jour. 
8c1.,  Ill,  Tol.x.  pp.  188-183,  Sept.,  IBm.  Warren  Upfaam,  GUclallstB'  H&KSilDe,  vol.  I. 
pp  286-210,  June.  ISM. 
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lake,  its  amouut  near  Trenton  and  Belleville  above  Rome  being 
about  240  feet  It  is  to  be  added  that  nortiiward  from  Borne 
the  Iroquois  beach  becomes  divided  into  a  series  of  distinct 
beaches,  marking  stages  in  the  northeastward  rise  of  the  land 
and  having  near  Watertown  a  vertical  range  of  80  feet  below 
the  highest  and  oldest,  which  was  before  noted;  and  that  west- 
ward a  similar  series  of  strand  lines  also  lies  below  the  high- 
est, likewise  before  noted,  which  there,  however,  contrary  to 
the  order  northeastward,  was  the  newest.  The  highest  beach 
near  Watertown  was  probably  contemporaneous  with  the 
fossiliferous  beds  of  Toronto;  some  of  the  intermediate  north- 
eastern beaches  corresponded  to  the  delta  deposits  of  Scarboro; 
and  the  lowest  northeastward  lake  level  was  continuous  with 
the  highest  at  Toronto,  Hamilton,  Lewiston,  and  east  to  Rome. 
Between  lakes  Warren  and  Lundy  the  old  water  level  near 
the  west  end  of  lake  Ontario  fell  125  feet,  minus  some  amount 
'to  be  subtracted  for  the  progressing  northeastward  elevation 
of  the  land.  The  two  Lundy  shores  are  30  feet  apart  vertically. 
From  the  lower  and  main  Lundy  beach  the  water  fell  about 
480  feet  to  the  earliest  stage  of  lake  Iroquois  when  the  Toronto 
fossil  shells  lived  in  the  edge  of  that  lake,  excepting  that  here 
again  some  undetermined  amount  must  be  subtracted  to  com- 
pensate the  concurrent  rise  of  the  land.  Adding  these  vertical 
intervals  together,  we  have  635  feet,  which  probably  may  be 
reduced  100  feet,  more  or  less,  for  the  effects  of  the  accompany- 
ing epeirogenic  uplift  We  have  left  some  500  or  550  feet,  to 
be  subtracted  from  the  altitude  of  the  old  Chicago  outlet  of  lake 
Warren,  believed  to  have  been  then  approximately  as  now,  590 
feet  above  the  sea,  to  give  the  earliest  altitude  of  the  Rome 
outlet  It  thus  appears,  as  I  concluded  from  a  similar  computa- 
tion four  years  ago,  that  the  Rome  outlet  was  at  first  only  50 
orlOOfeet  above  the  sea  level.*  It  was  gradually  uplifted, 
participating  in  the  differential  rise  of  the  whole  Ontario  basin, 
to  about  800  feet  above  the  sea  while  the  outflow  continued 
here,  and  to  probably  350  feet  or  more,  lacking  less  than  100 
feet  of  its  present  higbt,  by  the  time  when  the  much  farther 
retreat  of  the  Ice  permitted  the  extension  of  the  sea  to  Ogdens- 
burgh  and  Brockville,  on  the  St  Lawrence  river  near  the 
month  of  lake  Ontario.  Intermediate  between  lake  Iroquois 
and  the  Champlain  incursion  of  the  sea,  the  glacial  lake  St 
Lawrence,  into  which  lake  Iroquois  was  merged  by  the  retreat 
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of  the  ice-sheet  from  the  northern  side  of  the  Adirondadis, 
filled  the  lake  Ontario  basin  for  a  considerable  time  at  levels 
below  the  Iroquois  beaches. 

As  the  area  of  lake  Warren  was  being  differentially  much 
elevated  during  the  earlier  existence  of  that  lake,  and  as  the 
area  of  lake  Algonquin  was  similarly  uplifted  in  part  or  wholly 
contemporaneously  with  the  Iroquois  basin,  so  this  region  was 
being  rapidly  raised  and  tilted  upward  to  the  north  and  east 
while  the  lake  level,  held  constantly  without  important  down- 
ward cutting  at  the  Kome  outlet,  inscribed  many  shore  lines 
on  the  slowly  moving  land.  All  the  movement  throughout  the 
whole  region  probably  was  upward;  but  the  position  of  Borne, 
and  its  greater  rise  than  western  parts  of  the  basin  dur- 
ing the  existence  of  lake  Iroquois,  caused  the  old  beaches 
westward  to  have  now  declining  gradients. 

Lake  ffudeon-Ohamplatn.* — The  absence  of  marine  fossils  in 
beds  overlying  the  glacial  drift  on  the  shores  of  southern  New 
England,  Long  Island,  and  New  Jersey,  and  the  water-courses 
which  estend  from  the  terminal  moraine  on  Liong  Island  south- 
ward across  the  adjacent  modified  drift  plain  and  continue  be- 
neath the  sea  level  of  the  Great  South  bay  and  other  bays  be- 
tween the  shore  and  its  bordering  long  beaches,  prove  that 
this  coast  stood  higher  than  now  when  the  ice-sheet  extended 
to  its  farthest  limit.  A  measure  of  this  elevation  of  the  sea- 
board in  the  vicinity  of  New  York  during  the  Champlain  epoch 
is  supplied,  as  I  believe,  by  the  shallow  submarine  channel  of 
the  Hudson,  which  has  been  traced  by  the  soundings  of  the  U. 
S.  Coast  Survey  from  about  12  miles  off  Sandy  Hook  to  a  dis- 
tance of  about  90  miles  southeastward.  This  submerged  chan- 
nel, lying  between  the  present  mouth  of  the  Hudson  and  the 
very  deep  submarine  fjord  of  this  river,  ranges  from  10  to  15 
fathoms  in  depth,  with  an  average  width  of  1^  miles,  along  its 
extent  of  80  miles,  the  depth  being  measured  from  the  top  of 
its  banks,  which,  with  the  adjacent  sea-bed,  are  covered  by  15 
to  40  fathoms  of  water,  increasing  southeastward  with  the  slope 
of  this  margin  of  the  continenat  pi  ateau.  During  the  whole  or 
a  considerable  part  of  the  time  of  the  glacial  lake  Iroquois, 
this  area  stretching  lOO  miles  southeastward  from  New  York 

•L  WarreDUpham.BuUeUnOeol.doc.  Am.,  vol.  I.  p.  BM:  vol.  11,  p.  205;  toI.  lU.  PP 
tSt-48T(llntiuIng  thisaamei.  C.  H.  Hltoboock,  Geology  of  VetmODt,  IMl,  Tol.  1,  PP 
03-187,  with  map.  J.  S.  Newberry.  Pop.  Scl,  Montbly,  vol.  illl.  laTB,  pp.  Ul-MO.  F-  J 
II.  Uerrlll.  Am.  Jour.  Scl.,  Ill,  vol,  xll,  pp,  MO-WS,  Juoe,  Ifitl.  W.  M.  Dkvls.  Fror- 
BoetOD  Soo.  Nut.  HUt..  vol.  xxy.  lUI.  pp.  aiMUl.  8.  PreoUss  Baldwin.  "PlelMoceM 
Hlitoryot  the  Champlain  Valley."  Am.  Oeologlil.  vol.  xlll,  pp.  170-ISI,  with  map. 
March.  1M4.    Baron  de  Oeer.  as  cited  for  lake  Iroiiuols. 
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was  probably  a  land  surface,  across  which  the  Hudson  flowed 
with  a  slight  descent  to  the  sea.  But  northward  from  the  pres- 
ent mouth  of  the  Hudson  the  land  at  that  time  stood  lower  than 
now;  and  the  amount  nf  its  depression,  beginning  near  the  city 
of  New  York  and  increasing  from  south  to  north,  as  shown  by 
terraces  and  deltas  of  the  glacial  lake  Hudson  Champlain, 
which  were  formed  before  this  long  and  narrow  lake  became 
merged  in  the  glacial  lake  St.  Lawrence,  was  nearly  180  feet  at 
West  Point,  275  feet  at  Catskill,  and  340  feet  at  Albany  and 
Schenectady.  From  these  figures,  however,  we  must  subtract 
the  amount  of  descent  of  the  Hudson  river,  which  in  its  chan- 
nel outside  the  present  harbor  of  New  York  may  probably  have 
been  once  50  or  60  feet  in  its  length  of  about  100  miles. 

Before  the  time  of  disappearance  of  the  ice-barrier  from  the 
St.  Lawrence  valley  at  Quebec,  the  descent  of  the  Hudson  river 
beyond  New  York  city  may  have  diminished,  or  the  seaboard  at 
New  York  may  have  sunk  so  as  to  bring  the  shore  line  nearly 
to  its  present  position;  but  the  Hudson  valley  meanwhile  had 
been  uplifted,  so  that  the  outflow  from  the  lake  St.  Lawrence 
crossed  the  low  divide,  now  about  150  feet  above  the  sea,  be- 
tween lake  Champlain  and  the  Hudson.  This  is  known  by  the 
extension  of  fossiliferous  marine  deposits  along  the  lake 
Champlain  basin  neacly  to  its  southern  end,  while  they  are 
wholly  wanting  along  all  the  Hudson  valley.  Indeed,  the  out- 
flowing river  from  lakes  Iroquois,  Hudson- Champlain,  and  St. 
Lawrence,  or  the  Hudson  during  the  Postglacial  period,  chan- 
neled the  lower  part  of  this  valley  to  a  depth  of  about  100  feet 
below  the  present  sea  level,  proving  that  the  land  there,  as 
Merrill  points  out,  stood  so  much  higher  than  now  at  some 
time  after  the  ice  retreated. 

AccOTding  to  the  observations  of  Davis,  Baldwin,  and  Baron 
de  Geer,  the  highest  shore  line  of  the  lake  Hudson- Champlain 
is  now  elevated  to  about  275  feet  above  the  sea  at  Catskill,  N.  Y. ; 
550  feet  in  Chesterfield.  N.  Y.,  on  the  west  side  of  lake  Cham- 
plain opposite  to  Burlington;  and  658  feet  at  St.  Albans,  Vt 
Assuming  that  the  mouth  of  the  lake,  near  New  York  City,  was 
50  feet  above  the  sea,  the  differential  northward  uplift  of  the 
originally  level  shore  has  been  at  the  rate  of  about  two  feet 
per  mile  for  the  100  miles  from  the  present  mouth  of  the  Hud- 
son to  Catskill;  1.7  feet  per  mile  for  the  next  160  miles  north 
to  Chesterfield;  and  about  three  and  a  half  feet  per  mile  in  the 
next  80  miles  north- northeastward  to  St.  Albans.    Perhaps  a 
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higher  beach  may  exist  in  Cheater&eld,  which  woald  briag 
these  gradients  nearer  to  uniformity.  The  series  noted  there 
by  Baldwin  comprises  eight  beaches  referable  to  the  succes- 
sive water  levels  of  lake  Hudson- Champlain,  lake  St  Law- 
rence, and  the  sea  in  the  Champlain  basin,  their  hights  above 
the  sea  level  of  to-day  being  550  feet,  530.  470,  423.  386,  365, 
335,  and  290  feet  The  meao  level  of  lake  Champlain  is  97 
feet  above  the  sea,  and  its  maximum  depth  402  feet  The  lower 
four  of  these  beaches  belonged  to  the  Champlain  arm  of  the 
enlarged  Gulf  of  St  Lawrence,  as  shown  by  the  hight  t>i  its 
sand  deltas  and  associated  fossiliferoiis  clays;  but  the  higher 
four  represent  stages  of  the  lakes  Hadson-Cbamplain  and  St. 
Lawrence.  These  shore  hues,  like  those  of  the  glacial  lakes 
farther  west  to  lake  Agassiz,  were  probably  formed  during 
times  of  rest  or  slackening  in  the  somewhat  intermittent  epeiro- 
genlc  elevation  of  the  land. 

Lake  St.  Lawrence.* — The  records  of  the  Glacial  and  Cham- 
plain epochs  in  the  St  Lawrence  valley  have  been  most  fully 
studied  during  many  years  by  Sir  William  Dawson,  to  whose 
work  chiefly  we  are  indebted  for  detailed  descriptions  of  the 
evidences  of  the  marine  submergence  of  that  region  to  a  maxi- 
mum hight  at  Montreal  somewhat  exceeding  500  feet  above 
the  present  sea  level.  Earlier  than  that  time  of  occupation  of 
the  depressed  broad  valley  by  the  sea,  it  was  filled  from  lake 
Ontario  to  near  Quebec,  by  a  great  glacial  lake,  held  on  its 
QOrbheast  side  by  the  receding  continental  ice-sheet.  The  di- 
rections of  the  glacial  strite  and  traDsportation  of  the  drift  in 
the  St.  Lawrence  valley,  running  southwestward  at  Montreal 
and  onward  to  the  gi*eat  lakes,  but  eastward  from  Quebec  down 
the  shores  of  the  Gulf  of  St  Lawrence,  and  southeast  across 
Nova  Scotia  and  New  Brunswick,  show  that  the  latest  remnant 
of  the  ice  barrier  blockading  this  valley  was  melted  away  in 
the  neighborhood  of  Quebec,  then  admitting  the  sea  to  a  large, 
low  region  westward.  Until  this  barrier  was  removed,  a  glacial 
lake,  which  here  for  convenience  of  description  and  citation  is 
designated  as  the  lake  St.  Lawrence,  dating  from  the  con- 

•air  J.  William  Dawson,  the  Canadiiin  lae  Age  (Montreal.  1891),  pp.  aoi.  with  maps 
and  sections,  vlewsot  scenery,  and  n!ne  iilaces  o[  Pleistocene  fossils.  This  volume 
sums  up  the  author's  work  since  l^ss  on  the  glacial  dritc  aud  assoclal«d  laoustrlae 
aud  Ohamplaln  marine  formations  of  Che  St.  Lawrence  valley.  enibodylnR  Che  studies 
which  had  been  published  In  manj  papers  in  the  "Oanadlan  MaturailBt  and  Geolo- 
gist" and  elsewhere.  Be  had  given  a  similar  summary  in  a  pamphlet  ot  113  pages. 
"Motes  oa  the  Post-pliocene  of  Canada."  in  1^72.  J.  W.  Spencer,  Q.  K.  Gilbert,  Baron 
de  Oeer,  8.  Prentiss  Baldwin,  and  WHrren  Upham.  as  before  olt^  tor  lakes  Warren. 
Algonquin,  Iroquois,  and  Hudson-Ohamplala. 
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fluence  of  lakes  Iroquois  and  HudsonChamplaiD  and  growing 
northward  and  eastward,  spread  over  the  Ottawa  valley  prob- 
ably to  the  mouth  of  the  Mattawa,  and  down  the  St.  Lawrence, 
as  fast  as  the  ice-front  was  meltod  back. 

When  lake  Iroquois  ceased  to  outflow  at  Borne  and,  after  in- 
tervening stages  of  outlets  existing  for  a  short  time  at  suc- 
cessively lower  levels  north  of  the  Adirondacks,  began  to  oc- 
cupy the  Champlain  basin  and  the  St.  Lawrence  valley  north 
ward,  changing  thus  to  the  lake  St.  Lawrence,  its  surface  fell 
by  these  stages  about  250  feet  to  the  glacial  lake  Hudson- 
Champlain,  which  had  doubtless  reached  northward  nearly  to 
the  St  Lawrence.  After  this  reduction  of  the  water  body  in 
the  Ontario  basin,  it  still  had  a  depth  of  about  150  feet  over 
the  present  mouth  of  lake  Ontario,  as  shown  by  a  beach  traced 
by  Gilbert,  which  thence  rises  northeastward  bat  declines  to- 
ward the  south  and  southwest.  Its  plane,  which  is  nearly  par- 
allel with  the  higher  Iroquois  beaches,  sinks  to  the  present 
lake  level  near  Oswego,  N.  Y.  Farther  southwestward  the 
shore  of  the  glacial  lake  at  this  lower  stage  has  been  since 
submerged  by  lake  Ontario.  The  Niagara  river  was  then  longer 
than  now,  and  the  lower  part  of  its  extent  has  become  covered 
by  the  present  lake.  From  the  time  of  the  union  of  lakes 
Iroquois  and  Hudson- Cb  am  plain,  a  strait,  at  first  about  150  feet 
deep,  bat  later  probably  diminished  on  account  of  the  rise  of 
the  land  to  the  depth  of  about  50  feet,  joined  the  broad  ex- 
panse of  water  in  the  Ontario  basin  with  the  larger  expanse 
in  the  St.  Lawrence  and  Ottawa  valleys  and  the  basin  of  lake 
Champlain.  At  the  subsequent  time  of  ingress  of  the  sea  past 
Quebec  the  level  of  lake  St.  Lawrence  fell  probably  50  feet  or 
less  to  the  ocean  level.  The  place  of  the  glacial  lake  so  far 
westward  as  the  Thousand  Islands  was  then  taken  by  the  sea, 
with  the  marine  fauna  which  is  preserved  in  the  Leda  clays 
and  Saxicava  sands. 

The  Champlain  Marine  SuBMERaisNCE. 
That  the  land  northward  from  Boston  was  lower  than  now 
while  the  ice-sheet  was  being  melted  away,  is  proved  by  the 
occurrence  of  fossil  moUusks  of  far  northern  range,  including 
Yoldia  (Leda)  arctica  Gray,  which  is  now  found  living  only  in 
the  Arctic  seas,  preferring  localities  which  receive  muddy 
streams  from  existing  glaciers  and  from  the  Greenland  ice- 
sheet.  This  species  is  plentiful  in  the  stratified  clays  resting 
on  the  till  in  the  St.  Lawrence  valley  and  in  New  Brunswick 
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jind  Maine,  extending  southward  to  Portsmouth,  N.  H.  But  it 
is  known  that  the  land  was  elevated  from  this  depression  to 
about  its  present  hlght  before  the  sea  here  became  warm  and 
the  southern  mollusks,  which  exist  as  colonies  in  the  Gulf  of 
St.  Lawrence,  migrated  thither,  for  these  southern  species  are 
not  included  in  the  extensive  lists  of  the  fossil  fauna  found  in 
the  beds  overlying  the  till. 

In  the  St.  Lawrence  basin  these  marine  deposits  reach  to  the 
southern  end  of  lake  Cbamplain,  to  Ogdensburgh  and  Brock- 
ville,  and  at  least  to  Pembroke  and  Allumette  island,  in  tbe 
Ottawa  river,  about  75  miles  above  the  city  of  Ottawa.  The 
isthmus  of  Cbiegnecto,  connecting  Nova  Scotia  with  New 
Brunswick,  was  submerged,  and  the  sea  extended  50  to  100 
miles  up  the  valleys  of  the  chief  rivers  of  Maine  and  New 
Brunswick.  Tbe  uplift  of  this  region  from  the  Champlain  sea 
level  was  10  to  25  feet  in  the  vicinity  of  Boston  and  northeast- 
ward to  Cape  Ann;  about  150  feet  near  Portsmouth,  N.  H. ; 
from  150  to  ai}out  300  feet  along  the  coast  of  Maine  and 
southern  New  Brunswick;  about  40  feet  on  the  northwestern 
shore  of  Nova  Scotia;  thence  increasing  westward  to  200  feet, 
in  the  Bay  of  Ohaleurs,  375  feet  in  the  St.  Lawrence  valley  op- 
posite the  Saguenay,  and  about  560  feet  at  Montreal;  150  to  400 
or  500  feet,  increasing  from  south  to  north,  along  the  basin  of 
take  Champlain;  about  275  feet  at  Ogdensburgh,  and  450  feet 
near  the  city  of  Ottawa.  The  differential  elevation  was  practi- 
cally completed,  as  we  have  seen  from  the  boreal  character  of 
the  Champlain  marine  molluscan  fauna,  shortly  after  the  de- 
parture of  the  ice-sheet.  With  the  areas  of  the  glacial  lakes 
Agassiz,  Warren,  and  Iroquois,  in  the  interior  of  the  continent, 
this  coastal  region  gives  testimony  of  a  wave-like  epeirogenic 
elevation  of  the  formerly  ice-laden  portion  of  the  earth's  crust, 
proportionate  with  the  glacial  melting  and  closely  following 
the  retreat  of  the  ice  from  its  boundaries  of  greatest  extent  in- 
ward to  the  areas  on  which  its  waning  remnants  lingered  the 
latest. 

On  the  Green  Mountains  of  Vermont,  the  White  Mountains 
region,  and  indeed  probably  over  a  large  part  of  New  England, 
a  tract  of  the  departing  ice-sheet  remained  after  the  access  of 
the  sea  to  the  St.  Lawrence  basin  left  the  New  England  ice  as 
an  isolated  mass.  This  is  known  by  the  large  tribute  of  strati- 
fied drift  quickly  brought  by  streams  from  the  melting  ice  of 
the  Green  ^Mountains  area  and  deposited  as  gravel  and  sand 
deltas  and  offshore  clays  of  the  Winooski,  La  Moille,  and  Mis- 


STATE   GEOLOGIST.  181 

Bisqaoi  rivers,  described  by  Hitchcock  and  Baldwin,  in  the 
east  border  of  the  Obamplaiii  arm  of  the  sea.  On  the  west, 
too,  a  considerable  remnant  of  the  ice-sheet  seems  to  have  re- 
mained unmelted  until  tbis.time  on  the  Adirondactis,  and  to 
have  likewise  supplied  the  deltas  and  marine  clays  of  the  An 
Sable,  Saranac,  and  Chazy  rivers  in  New  York.  Deflections 
of  glacial  striation  down  the  valleys,  with  corresponding  drift 
transportation  and  formation  of  local  moraines  across  some  of 
the  mountain  valleys,  have  been  recorded  by  Hitchcock,  Stone, 
and  others,  in  Vermont  and  New  Hampshire;  but  the  time  al- 
lowed for  such  glacial  action,  under  the  warm  Cbamplain 
climate,  was  very  short.  The  earlier  melting  of  the  ice  along 
the  St.  Lawrence  valley  than  on  these  mountain  tracts  was  due 
on  one  side  to  the  laving  action  of  the  waves  of  lakes  Iroquois 
and  St.  Lawrence,  and  on  the  other  side  to  the  washing  of  the 
ice-cliffs  by  the  fast  encroaching  sea  in  the  Gulf  of  St.  Law- 
rence, until  at  last  near  Quebec  the  barrier  was  severed. 

From  the  Cbamplain  submergence  our  Atlantic  coast  was 
raised  somewhat  higher  than  now;  and  its  latest  movement 
from  New  Jersey  to  southern  Greenland  has  been  a  moderate 
depression.  The  vertical  amount  of  this  postglacial  elevation 
above  the  present  bight,  and  of  the  recent  subsidence,  on  all 
the  coast  of  New  Jersey,  New  England,  and  the  eastern  prov- 
inces of  Canada,  is  known  to  have  ranged  from  10  feet  to  a 
maximum  of  at  least  80  feet  at  tbe  bead  of  the  Bay  of  Fundy, 
as  is  attested  in  many  places  by  stumps  of  forests,  rooted  where 
they  grew,  and  by  peat  beds  now  submerged  by  the  sea.  As 
in  Scandinavia,  the  restoration  of  isostatic  equilibrium  is  at- 
tended by  minor  oscillations,  the  conditions  requisite  for  repose 
having  been  overpassed  by  the  early  re-elevation  of  outer  por- 
tions of  each  of  these  great  glaciated  areas.  Tbe  close  of  the 
Ice  age  was  not  long  ago,  geologically  speaking,  for  equilib- 
rium of  the  disturbed  areas  has  not  yet  been  restored. 

Measurement  of  the  Postglacial  Period  by  the  Re- 
cession OF  Niagara  Palls. 
Gilbert  has  recently  expressed  his  doubt  that  the  past  rate 
of  erosion  of  the  gorge  below  the  receding  falls  of  Niagara 
can  be  so  compared  with  the  present  rate  as  to  afford  any  ap- 
proximate measure  of  the  time  which  has  elapsed  since  the 
Ice  age.*  His  first  study  of  this  questionf  gave  about  7,000 
years  for  the  erosion  of  the  Niagara  gorge,  if  it  had  proceeded 

•ef&iure.  vol.  GO,  p.  93.  May  17. 18B4. 
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with  an  avera^  rate  like  the  present.  As  this  erosion  begao 
at  the  time  of  retreat  of  the  ice-sheet  from  that  area  and  has 
been  in  progress  during  all  th^  subsequent  time,  it  has  been 
regarded  as  a  geologic  chronometer,  like  the  similar  erosion  of 
the  gorge  below  the  falls  of  St.  Anthony,  from  which  Prof.  N. 
H.  Winchell  had  previonsly  computed  the  length  of  the  Post- 
glacial period  in  Minnesota  to  be  about  7,800  years.  On  the 
other  hand,  Spencer  gives  the  results  of  his  computation  of  the 
duration  of  the  Niagara  falls  and  gorge  as  about  32,000  years.* 

The  largest  element  of  uncertainty  (as  hitherto  supposed)  in 
the  estimate  drawn  from  the  rate  of  recession  of  Niagara  falls 
is  shown  by  Gilbert's  second  and  more  full  discussion,!  to  con- 
sist in  the  probability  or  possilulity  that  for  some  considerable 
time,  next  following  the  melliug  away  of  the  ice  upon  the  area 
crossed  by  the  Niagara  river,  the  ontlet  of  lakeb  Superior, 
Michigan,  and  Huron,  may  have  passed  to  the  St  Lawrence  by 
a  more  northern  course,  flowing  across  the  present  watershed 
east  of  lake  Nipissing  to  the  Mattawa  and  Ottawa  rivers.  The 
Niagara  would  then  have  been  a  small  river,  l>eing  left  with 
only  a  small  area  of  drainage  and  consequently  capable  of  only 
slow  erosion  of  its  gorge.  This  condition  Spencer  supposes  to 
have  lasted  no  less  than  24,000  years,  or  three-fourths  of  Uie 
time  which  he  allows  for  the  whole  of  the  gorge  erosion. 
Against  this  hypothesis,  the  investigation  here  presented  seems 
to  bring  important  and  decisive  objections. 

First  we  must  cote  that  the  views  held  by  Spencer  and 
Taylor,  that  the  high  shore  lines  around  the  great  Laurentiim 
takes  are  of  marine  formation,  is  inconsistent  with  the  total 
absence  of  marine  fossiliferous  beds. overlying  the  glacial  drift 
throughout  the  basins  of  these  lEtkes.  Instead,  fresh-water 
moUuscan  shells  are  found  in  the  beaches  and  offshore  deposits 
of  lakes  Warren,  Algonquin,  and  Iroquois,  as  noticed  in  these 
pages.  I  So  far  as  the  sea  did  extend,  after  the  farther  reces- 
sion of  the  ice-sheets  permitted  it  to  come  into  the  St.  IJaw- 
rence  and  Ottawa  valleys  and  into  the  basin  of  lake  Ohamplsin, 
marine  fossils  abound;  but  none  are  found  above  the  Thousand 
Islands,  which  lie  in  the  St.  Lawrence  at  the  mouth  of  lake 
Ontario.     We  may.  therefore,  confidently  accept  the   Niagara 


*  "HlBtorr  of  the  NloftnTtk  Blver,"  before  cIMd  wltb  reCereaoe  to  lake  Warren. 
i  Fceib-water  shells  are  also  found  Id  the  beaches  of  lake  Agossli  (O«ol.  and  Nat. 
ilit.  Survey  of  Oaaada,  Ano.  Kup„  new  series,  vol.  tv,  tor  18B»«a,  p.  49  B). 
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gorge  as  a  measure  of  all  the  time  since  that  area  was  uncov- 
ered from  the  ice- sheet. 

The  foregoing  review  of  the  departure  of  the  ice-sheet  from 
the  St  Lawrence  basin,  and  of  the  accompanying  wave-like  up- 
lift, shows  clearly  that  New  York  and  New  England  were  the 
last  portions  of  the  United  States,  at  least  eastward  from  the 
Kocky  mountains,  to  be  uncovered  from  the  fast  waning  con- 
tinental glacier.  When  lake  Warren  attained  its  greatest  ex- 
tent, the  ice-sheet  had  melted  off  from  all  the  northern  United 
States  west  of  lake  Nipissing  and  Buffalo,  N.Y.;  but  yet,  to 
hold  this  glacial  lake  on  the  east,  it  remained  unmelted  upon 
the  Niagara  and  lake  Ontario  or  Iroquois  area.  Thus  we  see 
that  all  the  moraines  within  the  limits  of  the  United  States 
west  of  the  great  angle  of  the  drift  boundary  near  Salamanca, 
in  southwestern  New  York,*  are  somewhat  older  than  the 
moraines  east  of  that  angle,  in  New  York,  Pennsylvania,  New 
Jersey,  Long  Island,  and  New  England.  The  difference  in  age, 
however,  between  the  western  and  eastern  moraines  and  drift 
was,  perhaps,  no  more  than  500  to  1,000  years,  as  we  may  in- 
fer from  the  rate  of  retreat  of  the  portion  of  the  ice  front  form- 
ing the  northern  harrier  of  lake  Agasslz. 

This  view  of  the  order  of  going  of  the  ice-sheet  finds  me- 
teorological explanation  as  follows:  Doubtless  the  prevailing 
course  of  storms  during  the  Glacial  and  ChamplaiA  epochs,  as 
at  the  present  time,  was  from  west  to  east  and  northeast.  With 
the  restoration  of  a  temperate  climate  by  the  subsidence  of  the 
land  to  its  present  hight  or  lower,  the  sunshine  and  rains  be- 
gan to  melt  the  ice  away.  Its  border  in  general  retreated  and 
became  steeper,  but  with  interruptions,  ranging  in  length  from 
decades  to  centuries,  when  the  snow  accumulation  and  ice  out- 
flow caused  important  extensions  of  the  glaciation.  The  warm 
air  currents,  bringing  rain  storms  and  therefore  rapidly  melt- 
ing the  front  of  the  ice  where  they  first  swept  over  it  at  the 
west,  would,  however,  be  chilled  as  they  passed  Onward,  giv- 
ing principally  snowfall  on  more  eastern  parts  of  the  ice 
margin.  The  western  ice-melting  also  contributed  much  to 
the  supply  of  moisture  for  this  snowfall  from  the  eastwardly  ' 
moving  storms.  Hence,  the  eastern  great  ice-lobe,  from  Sala- 
manca to  Long  Island,  Cape  Cod,  and  the  Gulf  of  Maine, 
would  be  fed  and  f  att«ned  to  be  thick  and  spread  in  some  places 

*  Oonauit  Pro(.  Chamberlla'B  itiapa  or  theglBClBt«d  areas  ot  tbe  Uii1t«il  States. 
U.  S.  Oeol,  Survey,  Third  Annual  Report,  Plates  xxvlll  and  xxxlJIi  Seventh  Aa.  Rep.. 

Plate  vili. 
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even  beyond  its  previous  limits,  while  all  of  the  ice-sheet 
farther  west  in  the  United  States  was  being  melted  away.  * 

Another  unexpected  conclusion,  relative  to  the  volume  of 
the  Niagara  river  while  the  ice-sheet  was  departing,  is  brought 
by  our  consideration  of  the  uplift  of  the  northern  side  of  the 
glacial  lake  Warren,  which  along  its  extent  of  600  miles  from 
west  to  east  was  rapidly  raised  in  general  about  350  to  400  feet, 
as  compared  with  the  Chicago  outlet,  before  the  date  of  the 
Algonquin  beach.  In  the  vicinity  of  lake  Nipissing  this  beach 
is  100  feet  above  that  lake,  or  743  feet  above  the  sea,  being  so 
high,  50  feet  upon  a  width  of  more  than  a  mile,  above  the 
watershed  east  of  the  lake  leading  to  the  Mattawa  and  Ottawa 
rivers,  that  I  cannot  believe  a  river  of  such  depth  and  width 
to  have  there  outflowed.  Instead,  I  think  that  the  ice-sheet 
then  still  remained  as  a  barrier  upon  the  Mattawa  and  Ottawa 
areas;  and  that  the  earliest  outflow  from  lake  Algonquin  went 
southward  by  way  of  the  present  St.  Clair  and  Detroit  rivers 
and  thence  east  along  the  bed  of  lake  Erie,  as  soon  as  the 
glacial  lake  Lundy  was  drained  away,  to  the  incipient  Niagara 
and  lake  Iroquois.  Eight-ninths  of  all  the  uplifting  of  the 
Nipissing  area  which  carried  its  watershed  above  the  hight  at 
which  it  could  be  an  outlet  of  lake  Algonquin  had  taken  place 
before  the  Niagara  river  and  lake  Iroquois  began  to  exist 
Later,  while  yet  the  ice  was  a  barrier  on  the  Mattawa  area,  I 
believe  that  the  continuation  of  that  uplift  fully  raised  the 
Nipissing-Mattawa  divide  above  lake  Algonquin,  for  mean- 
while the  lake  Iroquois  area  was  undergoing  a  large  differen- 
tial uplift  of  increasing  amount  from  south  to  north  and  from 
west  to  east.  Farther  evidence  that  the  ice  border  remuned 
upon  the  high  area  between  lake  Ontario  and  Georgian  bay, 
turning  the  waters  of  lake  Algonquin  southward  and  eastward 
to  the  Niagara  river,  until  lake  Iroquois  began  to  exist  with  a 
level  in  its  western  part  nearly  like  that  of  the  present  lake 
Ontario,  is  afforded,  as  previously  shown,  by  the  alternating 
fossiliferous  beds  and  till  deposits  of  Toronto  and  Scarboro. 
The  Niagara  river  and  falls  thus  appear  to  have  had  a  volume 
equal  to  the  present  during  their  entire  history.  If  there  was 
any  time  of  diversion  of  the  waters  of  the  upper  Laurentian 
lakes  to  the  Mattawa  valley,  it  was  of  very  brief  duration,  oc- 

•  Oa  aBTnallerscale,  during  the  melting  ot  the  Ice-sheet  lo  Hloaesotn.  Iniporual 
snow  accumuliitlon  ou  tbe  east  aide  of  the  Minnesota  ice-lobr  csosed  Ita  extension 
while  Its  weHtera  side  wuh  retrentlag.  as  noted,  with  explmiHtlon  partly  as  here  gmn. 
In  Proo.  Aro.  Assoc,  for  Adv.  Sclenoe,  vol.  xjtiil,  tor  I88J,  pp.  S31-J31,  aod  GBo!ogr  of 
Mlnnenota,  Final  Report,  vol.  II,  pp.  294-396,  409-(l3. 
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curriDg  after  some  longer  time  ol  southward  flow  through  the 
lake  Erie  basin,  and  would  require  only  au  insiguiflcaut  addi- 
tioD  to  the  estimate  of  7,000  years,  as  given  by  Gilbert  in  1886, 
for  the  duration  of  the  Niagara  river  and  of  the  Postglacial 
period.* 

The  great  depth  of  the  Niagara  river  (having  a  maximum 
sounding  of  J  85  feet)  at  the  foot  of  the  falls,  and  for  nearly  two 
miles  to  the  head  of  the  Whirlpool  rapids,  has  been  regarded 
by  Gilbert  as  a  corroboration  of  the  hypothesis  that  the  volume 
of  the  river  was  for  a  long  time  greatly  diminished  by  a 
Mattawa  outlet  from  the  upper  lakes-f  The  deep  excavation 
below  the  river  level  in  the  more  recently  eroded  part  of  the 
Niagara  gorge  near  the  falls,  analogous  to  pot-hole  erosion,  he 
attributes  to  a  probably  larger  volume  of  the  river  than  that 
which  previously  formed  the  shallower  and  longer  portion  of 
the  gorge,  excepting  only  at  the  Whirlpool,  where  the  post- 
glacial gorge  coincides  with  one  of  preglacial  age.t  The 
greater  thickness  of  the  Niagara  limestone,  however,  may 
probably  account  chiefly,  as  I  think,  for  the  deeper  excavation 
by  the  cataract  now  than  during  the  early  part  of  its  recession. 
Large  blocks  of  this  limestone  doubtless  act  as  pestles  per- 
forming the  very  deep  erosion  under  the  impact  of  the  falling 
water  (an  explanation  suggested  by  McCree  and  published  by 
Gilbert);  and  the  much  jointed  superficial  portion  of  the  limet- 
stone  may  be  less  serviceable  for  this  work  than  the  deeper 
beds  which  were'  reached  along  this  upper  part  of  the  gorge. 

Relation  op  the    Ohamplain   Epoch   to   the  Quater- 
nary Era. 

The  duration  of  lake  Agassiz,  probably  about  1,000  years,  as 
estimated  from  the  total  wave  erosion  and  resulting  accumula- 
tion of  beach  gravel  and  sand  on  its  shores,  in  comparison  with 
those  of  lake  Michigan  during  all  the  time  since  the  recession 
of  the  ioe-sheet,§well  confirms  the  earlier  conclusion  by  Dana, 
from  his  studies  of  the  valley  drift  along  the  river  courses  of 


■Andrew  U.  Hangea  (In  the  Journal  of  Geology,  vol.  II,   p.  14^ 
notea  the  spproxlniateconourreDae  of  about  thirty  I ndepeudeat  d 
estlmatea  ot  the  length  of  the  Poatglaaial   period  whloh  bure  been  made  la  North 
AmerloK  and  Enrope.  nil  oomins  within  the  limits  ot  S.OOQ  and  12.000  ye«r9. 

tInl«TiiMlon&l  Congress  or  Oeologlsta.  Keport  ot  the  Firth  aes9lon.  Wiiahlugton,  IBEII 
(published  I8B3),  pp.  06-4-18.  with  mitp. 

Uullus  Poblnian  baa  wrllt«n  on  the  preglacial  ernalon  alonK  the  oourseot  the  Nia- 
gara, In  PrOC.  A.  A.  A.  S,  vol.  »X)tv,  for  I8M.  pp.  221,222. 

IGeol.and  Mat.  Hist.  Survey  of  Canada,  AoQual  Report,  uew  series,  vol.  I  v.  for  I88S- 
ee,  pp.  K.  tl  E. 
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southern  New  England,  that  the  retreat  of  the  ice  and  deposi- 
tion of  its  drift  were  very  rapid.  On  the  intervening  area  of 
the  great  Laurentian  lakes  all  the  observations  here  brought 
into  correlation  and  historic  sequence  give  similar  testimony  of 
the  geologic  brevity  of  the  Champlain  epoch.  The  moderate 
re-elevation  from  the  Champlain  depression  was  mostly  accom- 
plished by  an  epeirogenic  movement  advancing  like  a  wave 
closely  in  company  with  the  glacial  melting  and  retreat;  and 
both  appear  to  have  occupied  no  more  than  4,000  or  5,000 
years. 

Accepting  the  estimate  that  the  dates  of  the  retreat  of  the 
ice-border  past  the  falls  of  St  Anthony  and  Niagara  falls  were 
respectively  about  8,000  and  7,000  years  ago,  we  may  well 
refer  all  the  final  melting  of  the  ice-sheet  upon  the  northern 
United  States  and  British  America,  except  the  existing  glaciers 
of  the  Cordilleran  mountain  bell  and  St.  Elias  region,  to  a 
Champlain  epoch  from  10,000  bo  5,000  years  ago.  This  in- 
cludes the  retreat  of  the  ice  from  its  late  southern  limits  to 
the  Altamont  or  outermost  moraine,  with  the  deposition  of  the 
loess  and  the  subsequent  uplifting  of  the  Wisconsin  drif  tless 
area  and  of  the  greater  part  of  the  upper  Mississippi  and  Mis- 
souri region,  probably  occupying  2,000  years,  more  or  less;  the 
further  recession  during  the  existence  of  lake  Agassiz  and  the 
glacial  lakes  of  the  St.  Lawrence  basin,  with  the  formation  of 
the  many  moraines  traced  across  the  northern  states  and  some 
southern  parts  of  Canada,  probably  1,500  or  2,000  years;  and 
the  melting  away  of  the  lingering  remnants  of  the  ice  sheet 
upon  Labrador  and  the  country  northwest  of  Hudson  bay,  per- 
haps 1,000  or  1,500  years.  The  northward  differential  uplift- 
ing of  the  area  of  lakes  Agassiz,  W^arren,  Iroquois,  and  St. 
Lawrence,  took  place  very  rapidly,  the  maximum  epeirogenic 
movement  upward  being  apparently  from  a  half  of  a  foot  to 
one  foot  or  more  each  year  during  several  centuries,  first  on 
the  southern  and  southwestern  portion  of  the  uplifted  region, 
and  thence  proceeding  to  the  north  and  northeast.  The  uplift 
was  nearly  proportional  with  the  removal  of  the  ice  weight, 
and  was  doubtless  due  to  inflow  of  the  plastic  or  molten  in- 
terior of  the  earth  beneath  the  buoyant  crust. 

How  long  a  time  was  needed  for  the  great  subsidence  intro- 
ducing the  Champlain  epoch,  it  will  be  more  difficult  to  esti- 
mate. Perhaps  it  may  have  taken  as  long  as  the  departure  of 
the  ice  sheet  and  the  re-elevation,  or  it  may  have  required 
twice  that  time,  being  thus  some  5,000  to  10,000  years.     This 
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-was  a  Late  Glacial  movements  leading  to  the  end  of  the 
Ice  age. 

The  earlier  and  probably  longer  part  of  the  Glacial  period, 
-while  the  land  had  its  ^eat  altitude  causing  the  snow  and  ice 
accumulation  on  the  drift-bearing  areas,  but  with  considerable 
secular  climatic  fluctuations  and  therefore  retreats  and  re- 
advances  of  the  ice-front,  may  well  have  included  the  forma- 
tion of  the  early  till  in  Illinois,  Indiana,  and  Ohio,  on  which 
Iieverett  finds  a  soil  and  leached  subsoil,  comparable  in  thick- 
ness  with  those  of  the  present  surface,  yet  buried  under  thick 
deposits  of  later  drift.*  To  the  same  time  we  may  also  refer 
the  deposition  of  the  flood-plain  of  glacial  gravel  and  sand 
whose  remnants  form  the  surface  of  the  highest  terraces  along 
the  upper  part  of  the  Ohio  river.f  Again,  in  northwestern 
Illinois,  the  rock  gorges  studied  by  HersheyJ  suggest,  like  the 
oxidation,  leaching,  and  soil  formation  of  the  early  till,  and 
like  the  great  amounts  of  fluvial  sedimentation  and  subsequent 
erosion  in  the  Ohio  valley,  that  the  Glacial  period  in  the  United 
States  was  long  as  measured  by  years,  though  short  in  com- 
parison with  all  other  geologic  periods,  excepting  the  Post- 
glacial. Even  with  the  high  altitude  favoring  powerful  stream 
erosion  of  the  gorges  and  of  the  valley  drift,  the  work  done 
indicates  probably  a-duration  of  the  ice-sheet  through  30,000 
years,  more  or  less,  before  the  subsidence  of  the  land  began. 

For  the  early  Quaternary  time  of  great  elevation,  preceding 
and  bringing  on  the  Ice  age,  we  have  an  estimate  of  60,000  to 
120,000  years,  drawn  from  the  probable  rate  of  deposition  of 
the  Lafayette  formation  in  the  lower  Mississippi  valley,  and 
from  the  ensuing  deep  erosion  of  the  Lafayette  and  underly- 
ing strata,  immediately  preceding  the  ice  accumulation  and 
doubtless  in  part  contemporaneous  with  it  § 

These  estimates  give  for  the  whole  Quaternary  era  some 
100,000  or  150,000  years,  placing  its  beginning  ten  or  fifteen 
times  as  long  ago  as  that  of  the  CbSmplain  epoch.  The 
Tertiary  era  appears  by  the  changes  of  its  marine  moUuscan 
faunas  to  have  been  vastly  longer,  having  comprised  perhaps 
between  two  and  four  million  years,  of  which  the  Pliocene 
period  would  be  a  sixth  or  eighth  part,   thus  exceeding  the 

•Proceed I nga  of  tbe  Beaton  Society  ol  Natural  HUtorr,  vol.  xxlv,  pj>.  U3-158,  3a.a. 
1.  ItOO. 

fObmnbetllD  aod  Leverett,  Aui.  Jour.  Scl.,  Ill,  rol.  xlv-JI.  pp.  217.S83,  niUi  maps  and 
urofllei,  April,  IBM. 

tAm.  GeoloElBt.  vol.  xll,  pp.  tli^m,  Nov.,  1803. 

IBnlletln,  Qeol.  Soc.  Am.,  vol.  v,  tor  1803,  pp.  96-tCW. 
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whole  of  the  ensuing  era  of  great  epeirogeQic  movements  and 
resulting  glaciation. 

Divisions  op  Quaternary  Time.* 

The  following  table  of  the  several  divisions,  periods,  arid 
epochs  of  Quaternary  time,  showing  their  relationship  with 
the  Champlain  epoch,  which  has  been  reviewed  for  the  region 
of  the  Laurentian  lakes  and  river  St.  Lawrence  in  this  paper, 
is  arranged  in  the  descending  strati^raphic  order  of  their  geo- 
logic formations: 

S  Becent  or  Preaeat  epooh. 
(  Terrase  ei>oah. 

«-='"•«""■ jss:;^'"'' 

Seeking  to  subdivide  the  Glacial  period  or  Ice  age  with  ref- 
erence to  its  dynamic  causes  and  secular  fluctuations  in  cli- 
matic conditions,  we  find,  first,  a  long  epoch  of  general  snow 
and  ice  accumulation.  In  its  early  part  the  ([rowth  of  the  ice- 
sheet  was  interrupted,  at  least  locally  and  temporarily,  by 
moderate  oscillations  of  its  boundary,  as  shown  by  layers  of 
lignite  between  deposits  of  till  observed  by  Dr.  Robert  Bell  on 
branches  of  the  Moose  and  Albany  rivers  tributary  to  the 
southwest  side  of  James  bay.f  Later,  after  the  ice-sheet  at- 
tained its  maximum  stage  in  the  Mississippi  basin,  reaching 
south  to  northeastern  Kansas,  central  Missouri,  and  southern 
Illinuis,  this  epoch  included  a  long  interval  of  extensive  re- 
treat of  that  part  of  the  ice-sheet,  followed  by  renewal  of  its 
growth  until  it  again  reached  far  south  toward  its  former 
limits.  This  part  of  the  Ice  age  is  well  denominated,  from  its 
envelopment  of  the  land  by  ice-sheets,  the  Glacial  epoch.  Its 
chief  cause  I  think  to  have  been  uplifts  of  the  glaciated  re- 
gions thousands  of  feet  above  their  present  hight. 

Forest  beds  and  other  fossiliferous  deposits  of  the  inter- 
glacial  stage  in  this  epoch  are  found  frequently,  and  on  some 
large  tracts  almost  continuously,  occurring  between  deposits  of 
the  till  or  glacial  drift  penetrated  by  wells,  f rbm  southwestern 
Ohio,  through  Indiana  and  Illinois,  to  northeastern  Iowa  and 

■'More  ample  diacusslon  of  these  time  dlvUloas  Is  presented  la  the  Am.  Nutu rallsti 
vol.  ixTlli,  pp.  0TU-3SS,  Dec.  IBM. 

tGeol.  Survey  of  Otuiadn.  Reporlot  Progress  tor  leTT-TS,  p.4a;  ftiid  AuDual  Be- 
port,  new  aeries,  vol.  i1.  IBM.  p,  ^  Q. 
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to  Mower  county  in  southern  Minnesota*  Less  frequent,  but 
still  sometimes  occupying  considerable  tracts  as  shown  by 
several  wells  near  together,  these  interglacial  beds  are  re- 
corded by  my  notes  of  wells  in  Lyon,  Benville,  and  McLeod 
counties,  Minn.,  60  to  90  miles  north  from  the  south  line  of  this 
state.  More  rare  instances  of  their  observation  are  noted  as 
far  north  as  in  Mitchell  township.  Wilkin  county,  and  Bames- 
ville  in  the  south  edge  of  play  county,  Minn.;  and  these  most 
northern  localities  are  situated  within  the  area  of  the  glacial 
lake  Agassiz,  respectively  about  100  feet  and  75  feet  below  its 
highest  and  earliest  or  Herman  beach.  If  the  altitude  and 
slopes  of  the  land  had  been  then  the  same  as  now.  an  inter- 
glacial lake  held  by  the  barrier  of  the  receding  Ice-sheet  must 
have  forbidden  the  growth  of  forests  or  formation  of  swamp 
deposits  there  until  the  outlet  was  deeply  eroded  or  much 
farther  glacial  recession  permitted  that  lake  to  be  drained 
away  northward.  Under  those  conditions  the  growth  of  an 
interglacial  forest  at  Bamesville  would  imply  probably  three 
to  six  times  more  glacial  melting  and  recession  than  otherwise 
would  suffice  to  account  for  the  most  northern  of  these  ob- 
served interglacial  deposits.  It  therefore  seems  to  me  more 
likely  that  during  this  glacial  retreat  the  present  basin  of  the 
Ked  river  of  the  North,  which  was  later  occupied  by  lake 
Agassiz,  had  a  considerably  greater  altitude  than  now,  retain- 
ing a  part,  probably  a  large  part,  of  its  preglacial  elevation, 
and  that  it  was  thus  a  land  surface  with  southward  descent  and 
free  drainage  along  the  Minnesota  river  valley  to  the  Missis- 
sippi. The  recession  of  the  ice-sheet,  before  Its  renewed 
growth,  may  then  have  reached  only  to  the  southern  part  of  the 
Red  river  valley,  instead  of  the  great  farther  distance  to  Hud- 
son bay  which  I  formerly  supposed  in  writing  of  these  inter- 
glacial beds  in  Mmnesotaf 

Tbe  erosion  of  numerous  and  large  interglacial  stream 
courses  in  the  early  drift  sheet  of  southern  Minnesota  and 
northern  Iowa,  including  the  Minnesota  river  valley  and  its 

•W  J  McOee.  BleTenlb  Anaual  Report,  U.  S.  0«ol.  Survef.  for  1889-60.  Part  I,  pp. 
48t-496.  BumtDbrles  of  olnerratlons  of  tbe  Interglaalal  forest  beds  tbraughout  this 
region,  with  dUcuailon  of  tbelr  Blgnlflcauce,  are  glieo  b;  O.  Whittlesey,  SmittasODlttn 
CoutrlbutioDB,  No.  1B7,  vol.  XT.  ISU,  pp.  la-lS;  J.  8.  Newberrj.  Geolony  ot  Ohio,  vol.  11. 
im.  pp.  aO-XI;    N.  H.  Wlaohell,  Proo.  A.  A,  A.  S.,   vol.  iilv.  for  18TB.  Pari  II,  pp.  43-96; 

0.  F.  Wrlgbt,  Tbe  Ice  Aoa  In  North  AmerloK,  ISSB.  pp.  4TMK:  FraDk  LeTerett.  Proc. 
Boston  Boc.  Nat.  Hlsl..  toI.  xxlv.  pp.  tSS-WO,  Jan.  1. 1800.  and  Journal  0(  Oeologr,  vol. 

1.  pp.  12»-I4e,  with  map.  Feb.-Harcb.  1803.  N.  H.  Wlnchell.  Oeolog;  of  Ulno..  Final 
Report,  vol.  1, 1884,  pp.  313,  30.  380. 

^eolog;  ot  Minn..  Final  Report,  vol.  L  1881,  pp.  402,  KM,  480.  4Ta-tS5,  WT.  Gil,  Ka,  080, 
981,  B89-I),  800,  S25;  vol.  11,  1888,  pp.  188,  18S,  18T,  19»,  488,939,  55^  882,  888. 
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contiDuatioD  past  Brown's  Valley  and  above  the  bed  of  lake 
Traverse,  channeled  then  apparently  about  50  feet  (or  more) 
below  the  general  surface  of  the  adjoining  country  to  the  level 
of  the  Herman  beach  of  lake  Agassiz,  *  finds  full  explanation  in 
this  retreat  of  the  ice-sheet  to  the  vicinity  of  Mitchell  and 
Barnesville.  200  to  SSO  miles  inward  from  its  farthest  limits  in 
North  Dakota  and  on  the  northern  boundaries  of  the  Wisconsin 
driftless  area,  but  500  miles  north  .from  its  limits  in  Kansas 
and  Missouri. 

During  the  ensuing  stage  of  its  renewed  accumulation  and 
growth,  the  ice-sheet  reached  from  BamesviUe  about  200  miles 
westward  into  North  Dakota,  an  equal  distance  eastward  into 
northwestern  Wisconsin  and  southeastern  Minnesota,  and  some 
850  miles  or  more  south- southeastward  in  Iowa.  Not  only 
were  the  interglacial  forest  beds  thus  covered,  but  a  marginal 
moraine,  which  had  been  formed  probably  during  a  slight 
pause  or  re-advance  interrupting  the  later  part  of  the  inter- 
mediate glacial  retreat,  was  likewise  buried  and  is  now  indi- 
cated by  exceptionally  abundant  boulders  in  a  stratum  of  the 
drift  shown  in  the  cliffs  of  the  upper  part  of  the  Minnesota 
river  valley  and  by  its  tributaries,  overspread  by  25  to  50  feet 
of  the  later  deposits  of  tilLf 

The  two  stages  of  growth  of  the  ice-sheet  may  have  been 
due,  aside  from  their  principal  dependence  on  the  high  eleva- 
tion of  the  land,  to  the  climatic  effects  of  the  last  two  passages 
in  the  precession  of  the  equinoxes,  with  accompanying  nuta- 
tion, bringing  the  winters  of  the  northern  hemisphere  in 
aphelion  alwut  30,000  years  ago  and  again  about  10,000  years 
ago.  The  intermediate  time  of  the  earth*s  northern  winters  in 
penhelion  would  be  the  stage  of  great  retreat  of  the  ice 
margin  in  the  upper  Mississippi  region;  but  eastward,  from 
Ohio  to  the  Atlantic  coast,  there  appears  to  have  been  little 
glacial  oscillation.]:  This  explanation  accords  with  Prof.  N.H, 
Winchell's  computations  from  the  rate  of  recession  of  the  falls 
of  St.  Antliony  for  the  Postglacial  or  Recent  period,§  and  with 
his  estimate  of  the  duration  of  the  interglacial  stage  from  the 
now  buried  channel  which  appears  to  have  t>een  then  eroded 

•Proc.  Am.  Asioo.  for  &dr.  of  Scleaoe.  vol.  ixiiU  for  lSg3.  pp.  232-237.  Oeolog;  of 
UIud.,  vol.  I.  PV'  4TB-1S5.  5Cr7,  ilSO;  vol.  II,  pp.  134,  tT2.  218,  Ilie-ti25, 

tQeology  of  Minn.,  vol.  1,  p.  626. 

tJ.D,  Dana,  Am.  Jour.  Sol.,  HI,  vol.  xlvl,  pp.  a2T-330.  Nov.,  1803. 

BQeol.  nnd  Nat.  Hist  Rurvey  of  Minnesota.  Flfcb 'Ann.  Kep.,  lor  IBTO.  pp.  m-lW: 
FlDalKeport,  vol.11. 1S8S.  pp.  813-311,  wltb  fifteen  plnCSB (views ehawlngreceatahanges 
of  tbefallBofSC.  AnChony.and  maps).  Quart.  Jour.  Oeol.  Soc.  London,  vol.  Kxxlv, 
IBTS,  pp.  884-901. 
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by  the  Mississippi  river  a  few  miles  west  of  the  present  gorge 
below  these  falls.* 

The  chief  cause  of  the  Ice  age  is  here  thought  to  have  been 
a  high  epeirogenic  uplift;  but  the  very  noteworthy  subdivision 
of  the  Glacial  epoch  in  the  upper  Mississippi  basin  is  ascribed 
to  climatic  conditions  resulting  from  the  same  astronomic  cycle 
of  21,000  yeais  which  CroU  supposed  to  have  been  efficient, 
during  the  remote  time  of  maximum  eccentricity  of  the  earth's 
orbit,  to  produce  alternating  glacial  and  interglacial  epochs. 
Wallace,  in  his  discussion  of  this  subject  in  "Island  Life," 
l^inks  that  great  altitude  of  the  glaciated  countries  coincided 
with  the  last  stage  of  maximum  eccentricity,  from  240,000  to 
80,000  years  ago,  to  cause  the  Ice  age,  altitude  and  eccentricity 
being  thought  perhaps  of  nearly  equal  influence  The  view 
here  presented  looks  on  the  Glacial  period  as  occurring  in  a 
much  later  time  of  low  eccentricity,  and  for  its  causation  re- 
gards altitude  as  far  more  efficient  than  any  astronomic  condi- 
tions. The  effects  of  varying  astronomic  conditions  have  been 
recently  reconsidered  by  Dr.  George  F.  Becker,  f  who  thinks, 
altogether  differently  from  Croll,  Grflikie,  agd  Ball,  that  the  com- 
bination of  minimum  eccentricity  of  the  earth's  orbit  and  max- 
imum obliquity  of  the  ecliptic  is  most  favorable  for  snow  and 
ice  accumulation;  and  he  states  that  these  conditions  have  ex- 
isted within  the  past  40,000  years,  until  8,000  years  ago,  but  he 
apparently  would  attribute  a  larger  share  of  the  causes  of  gla- 
ciation  to  geographic  conditions,  as  land  elevation.  In  Europe 
a  very  remarkable  parallelism  of  the  history  of  the  Ice  age 
with  that  in  America|  indicates  dependence  on  similar  causes, 
chiefly  geographic,  as  epeirogenic  movements,  with  changes  of 
ocean  currents,  and  subordinately  astronomic. 

This  view,  and  the  following  tabulation  of  the  Pleistocene 
glacial  and  interglacial  epochs  and  stages  in  America  may 
show  good  ground  for  compromise  and  harmony  between  Uie 
lately  opposing  doctrines  of  unity  and  of  duality  or  greater 
complexity  of  the  Ice  age.  If  this  period  extended  through 
30,000  or  50,000  years,  depending  principally  on  epeirogenic 
uplifts  and  in  less  degree  on  the  cycles  of  precession  of  the 
equinoxes,  it  would  agree  well  with  Geikie's  and  Chamberlin's 

*Aia.  Oeotoglst,  to],  x,  pp.  a>-sa.  nitb  tbree  plates  (aeoIloiiB  aod  &  map),  Aug., 
uez. 

tAm.  Joar.  Scl.,  Ill,  vol.  xlvill,  pp.  SC-113.  Aug..  IBOl. 

tJatneeOelkle,  TheOte&t  loe  Aite,  three  editions.  1873,  ISTT,  and  ISM.  notably  pp. 
774,  TT5,  In  tbe  third  edition;  Journal  ol  OeoloKy,  vol.  II,  p.  730.  Oat.-Nov.,  IBU;  Am. 
OeolOKlBt,  ral.  xv,  p.  U.  Jan.,  ISO;. 
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complex  history  of  wavering  glaciation,  and  also  with  Its  es- 
sential geologic  unity  and  brevity  which  have  been  Insisted  on 
by  Dana,  Wright,  Hitchcock,  Lamplugh,  Kendall,  Falsan, 
Hoist,  Nikitln.  and  other  glacialists.  To  my  mind  the  diversity 
and  the  unity  of  this  period  seem  like  the  opposite  gold  and 
silver  sides  of  the  proverbial  shield,  concerning  which  two 
knights,  each  having  seen  only  one  side,  valiantly  contended. 

Widely  extended  depression  of  the  iceHsurdened  land,  until 
mostjy  it  had  somewhat  less  altitude  than  now,  initiated  the 
comparatively  short  final  epoch  of  the  Glacial  period.  Tem- 
perate and  warm  climatic  conditions  on  the  ice  border,  nearly 
as  now  on  the  same  latitudes,  then  melted  away  the  ice  rapidly; 
its  chief  stage  of  loess  deposition  attended  the  early  part  of 
this  glacial  retreat;  the  partially  unburdened  land  began  to 
rise  by  a  moderate  uplift,  approximately  proportional  to  the 
glacial  melting  and  nearly  keeping  pace  with  it;  and  conspicu- 
ous belts  of  morainic  drift  were  amassed  whenever  the  steep 
waning  ice-front  slackened  its  departure,  or  halted,  or  for  any 
short  time  re-advanced.  The  general  but  fluctuating  retreat 
of  the  ice-sheet  at  length  uncovered  all  the  country  and  consti- 
tuted the  closing  or  Champlain  epoch  of  the  Ice  age,  so  named 
from  the  marine  beds  of  that  time  overlying  the  till  in  the 
basin  of  lake  Champlain  and  along  the  St.  Lawrence  and  Ot- 
tawa valleys,  by  which  the  vertical  extent  of  the  subsidence 
terminating  the  Glacial  period  and  of  the  succeeding  re-eleva- 
tion is  measured. 

Adopting  the  helpful  new  nomenclature  proposed  by  Cham- 
berlin,*  we  may  provisionally  formulate  the  minor  time  divi- 
sions of  the  Glacial  and  Champlain  epochs  as  follows.  The 
order  of  this  table,  as  of  the  former  more  comprehensive  one, 
is  stratigraphic,  so  that  for  the  advancing  sequence  in  time  it 
should  be  read  upward. 

Note.  If  we  seek  to  compare  ibis  table  witb  the  Qlacial  series  In 
Europe,  it  Bbould  flrat  be  remarked  that  in  tbe  Alps  there  were  three 
chief  stages  of  growth  of  the  glaciers  far  beyond  their  present  limits,  the 
second  being  the  maximum  advance,  doubtless  contemporaneous,  as 
shown  by  Geikie,  with  the  maximum  extension  of  the  Ice-sheet  upon 
northern  Europe.  The  first  glacial  stage  of  the  Alps,  which  also  appears 
to  have  left  traces  in  southern  Sweden  not  wholly  obliterated  by  the  next 
and  greater  glaclatlOD,  may  be  represented  in  America  by  the  till  beneath 


*ln  two  chapters  ( paxes  m-7TJ,  with  maps  form  log  plates  xtv  and  xv)  of  J.  Oelkle's 
"Tbe  Oreut  Ice  Afie."  third  edition.  IBM.  Crof.  T.C.  Chamberlla  propoaes  aohroaoloKlc 
olaBslfloBtioo  oftlis  X"rth  AmerliMin  drift  under  three  (ormatlonfc  named  In  the  order 
of  their  aiie.  be»:1na1iiK  vrlth  the  earliest.  IhH  Kauaan,  East  lowan.  and  East  WJscoDBln 
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the  interglaclal  Ugotte  Id  tbe  baslo  of  James  bay,  and  these  may  beloiw 
to  the  time  of  DortherD  wloters  In  aphelion  some  60,000  jeacs  afro- 
The  second,  third,  and  fourth  glacial  stanes  of  the  European  Ice  age,  as 
tabulated  by  Gelkle,  are  then  seen  to  be  wholly  analogous  In  oharacterts- 
tlcs  of  ice  extension  and  drift  deposition,  and  they  wore  probably  also 
time  equivalents,  respectively,  with  the  Kansan,  lowan,  and  Wisconsin 
stages  In  the  United  States  and  Canada.  In  each  continent  the  inter- 
glaclal time  between  the  Kansan  and  lowan  stages  had  great  subaSrial 
erosion  because  of  the  continuing  high  elevation  of  the  land;  and  tbe 
latest  or  moraine-forming  stage  of  the  glaclation  seems,  alike  In  Europe 
and  America,  to  have  belonged  to  the  mainly  rapid  but  flnctoatlng  float 
retreat  of  the  Ice,  showing,  as  I  think,  that  each  Ice-sheet  had  in  Its  lower 
pait  much  englaclal  drift 

Epocks  and  Stages  of  the  Glacial  Period. 

Uoderate  re-elevatlonot  the  land.  adTaac- 
Idk  as  a  permanent  wave  Ironi  «oulh   to 
north  and  noctbeast;  continued  retreat  at 
the  Ice  along  most  o(  Its  extent,  but  Its 
raaxImDm   advance  In  southern  New  Eng- 
land, witb  fluotuatlona  and  the  tormntlon 
of    prominent   marginal   tnoralnes:    great 
glacial  lakes  on  th^northernbordersof  the 
United  States:    slight  glacial  osolllatlons, 
with   tempemte  climate   nearly   as   now, 
at  Toronto  and  Soarboro'i  tbe  sen  Unally 
admitted  to  the  St.  Lawrence,  Obamplaln, 
and  Ottawa  valleys  1  qpllttto  the  present 
blgbt  completed  soon  alt«r  the  departure 
of  tbe  ice.     (The  great  Baltic  glacier,  and 
European  marginal  moraines.) 
Depression  ot  the  ice-covered  area  trom  its 
high  Glacial  elevatlOD;  retreat  ot  the  Ice 
from  its  former  lowan  limits:   abundant 
depoaltioA  of  loeas. 
("Renewed  iue   aoauinulatlon,  covering    the 
j     forest  beds  and  extending  south  nearly  to 
"I     its  early  boundary.     (Third  European  gla- 
l    cial  stage.) 

Extensive  glacial  recess  ion  in  the  upper  part 
of  the  Mississippi  basin:  cool  temperate  cli- 
mate and  coniferous  forests  up  to  the  wan- 
ing ice  border:  much  erosion  ot  the  early 


OiiAOiju.  Epoch.  . . 
(Ice  accnmulatlon, 
due  to  the  onlml- 
Dation  ot  the  La- 
fayette epelrogen- 
tc  uplift.) 


tOWAN   3TAOE.. 
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g,^g, terlor  of  North  Amertoa,  and 

in  northern  New  Jersey.    (U 


0  t  fluctuation  I  n 
tbe  general  growth 
ot  the  loe-sheet. 


ot  the  loe-Bheet  in  the  In- 
alBo  eastward 
Imum  gla- 


Including  an  early  glacial  recession  and  re- 
advanoe,  aa  shown  by  beds  ot  Inteivlaolai 
lignite  In-  tbe  region  ot  tbe  Hoose  and 
Albany  rivers,  tributary  to  James  bay. 
(First  glacial  stage  tu  the  Alps.) 
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NOTES  ON  MINNESOTA  MINERALS. 


By  Chas.  p.-  Berkey. 
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Several  minerals  already  well  known  in  Minnesota  and 
others  not  recognized  in  former  reports  as  occurriDg  io  this 
state  have  been  analyzed  and  reported  to  the  Minnesota  Acad- 
emy of  Natural  Sciences  from  time  to  time.  The  investiga- 
tions have  been  carried  on  in  the  laboratories  of  the  University 
of  Minnesota,  and  the  materials  furnishing  the  basis  of  these 
notes  are  among  the  specimens  of  the  department  of  geology 
and  mineralogy. 

MINERALS  FROM  AMYGDALOIDAL  DIABASE  AT  GRAND  MARAIS. 

Nob.  1541  to  1548  inclusive  are  all  from  Grand  Marais,  and 
together  form  a  group  of  specimens  which  was  originally  a 
geode  in  the  amygdaloidal  diabase  at  that  place.  The  rock  in 
which  the  minerals  was  found  is  an  altered  phase  of  the  dia- 
base so  well  known  in  the  Lake  Superior  region.  The  rock  at- 
tached to  the  minerals  and  in  immediate  contact  is  of  a  dark 
brown  color  sometimes  tinged  with  green;  and  the  vesicles, 
filled  and  partly  filled,  are  so  abundant  as  to  make  up  almost 
half  of  the  bulk  of  the  rock.  All  of  them,  however,  are  com- 
paratively small,  the  average  being  about  one-fourth  of  an 
inch  in  length.  Most  of  them  are  well  filled  with  one  ot 
more  of  the  minerals,  calcite,  laumontite,   strigovite,  apophyl- 
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lite  a&d  quartz.  Araoag  these,  laamoQtite  and  strlgovite  fill 
the  greater  Dumber  of  amygdules.  Quartz  is  present  in  small 
quantities. 

Thin  sections  of  this  rock  show  that  the  original  augitic  con- 
stituent has  entirely  disappeared  and  a  greenish  chloritic  sub- 
stance has  in  part  taken  its  place.  The  feldspar  constituent 
has  altered  so  much  that  few  places  are  sufficiently  fresh  to 
ground  a  determination  upon.  Tests  indicate  labradorite. 
Quartz  is  found  sparingly,  lining  some  of  the  cavities  and  fill- 
ing some  of  the  small  fissures.  It  also  sometimes  forms  a  thin 
layer  twtween  the  calcite  and  the  rock. 

Chlorite  is  found  scattered  throughout  the  section.  It  may 
l>e,  however,  that  it  is  not  identical  with  that  filling  the  amyg- 
dules. 

The  calcite  is  at  several  places  developed  into  imperfect  crys- 
tals of  dog  tooth  spar.  The  greater  part,  however,  is  found 
filling  the  cavities  and  spaces  between  the  other  minerals.  It 
is  almost  pure  CaCO,,  carrying  only  a  trace  of  MgCO,  and  0.15 
per  cent,  of  insoluble  matter. 

This  rock  gave  the  following  chemical  analysis: 

ANALYSIS  OF  AHYODALOIDAL  DIABASK. 

SIO... 55.40  percent. 

Al.O, 22.65 

Fe,0, u.m 

FeO a75 

MgO 7i 

CaO. l.« 

H,0 97 

Total W.49 

Apopkyllite. 
This  mineral  partially  filled  the  geode  with  numerous  small 
well  formed  crystals.  It  is  the  first  occurrence  of  the  mineral 
noted  in  Minnesota.  The  crystals  are  partially  imbedded  in 
the  laumontite  and  also  in  direct  contact  with  both  the  calcite 
and  the  rock.  All  are  colorless  to  white  and  are  transparent 
to  translucent.  Few  measurements  have  been  made,  but  the 
forms  are  easily  determined.  The  only  forms  noted  are: 
coP,  P  00,  OP,  comprising  the  prism  of  the  second  order,  pyra- 
mid of  the  first  order,  and  basal  pinacoid.  Although  there  are 
so  few  forms,  there  is  considerable  variety  in  the  degree  to 
which  one  form  in  the  combination  predominates  over  the 
other.     Some  of  the  surfaces  are  so  heavily  striated  i 
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seriously  interfere  with  measurements  by  reflection.  Some  of 
the  smallest  crystals  are  very  pure  and  clear.  The  specific 
gravity  of  the  best  material  is  2.84.  All  the  reactions  and  char- 
acters agree  with  apophyllite. 

In  obtaining' material  for  analysis  a  good  deal  of  difSculty 
was  experienced  from  the  laumontite,  which  penetrates  all  the 
crystals  to  such  an  extent  that  only  very  minute  fragments  of 
suf^cienb  purity  could  be  obtained.  The  centre  of  nearly  every 
crystal  is  occupied  by  needles  of  pink  laumontite,  and  in  thin 
sections  they  can  be  traced  even  further  into  the  clearest  por- 
tion. One  of  the  elements  usually  found  in  apophyllite.  flu- 
orine, was  not  found  in  sufficient  quantity  to  estimate,  al- 
though a  trace  of  it  is  indicated  by  qualitative  tests. 

ANALYSIS  OF  APOPHTLUTB 

SiO, 52  61  per  ceo  I. 

A1,0, 67    "  " 

Fe»0, trace. 

CaO 25.22    "  " 

MkO 17    '■  ■' 

K,0 3.03    "  " 

Ha.0 1.71     "  " 

HFl trace. 

B,0 16.17     "  '■ 

Total 99.68 

In  this  analysis  both  AljO,  (.67 per  cent.)  and  the  trace  of 
Fe^O,  are  probably  due  to  the  minute  needles  of  laumontite 
that  could  not  be  avoided  in  the  selection  of  material. 
Laumontite. 
This  mineral  fills  many  of  the  amygdules.  It  is  in  fine 
needles  and  in  places  is  partially  broken  down  to  a  powder. 
The  needles  pierce  the  caicite  as  well  as  the  apophyllite.  This 
is  one  of  the  most  common  of  the  minerals  of  the  amygdaloidal 
rock  at  many  other  places. 

ANALYSIS  OF  LAUMONTITE. 

SiO, 63.87  per  cent. 

AI.O, 18.06  "  " 

Fe,0, 88  "  " 

CaO 11.19  "  " 

MgO 46  "  " 

K.0 29  "  " 

Ma.O : 67  "  " 

H,0 13.18  "  " 

Total 88.59 
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Strigovite. 
The  chloritic  mineral  which  is  referred  to  Btrigovite  fills 
many  of  the  amygdules  as  closely  fitting  pellets  of  a  soft  green 
substance  which  does  not  cling  to  the  walls  and  can  be  easily 
removed  entire.  The  outer  smooth  surface  of  each  pellet  is 
usually  covered  with  a  light  brown  powdery  coating.  There 
is  throughout  a  defiaite  fibrous  arrangement  shown  in  thin  sec- 
tion. Good  sections  across  these  amygdules  are  difficult  to  obtain, 
however,  on  account  of  the  difference  in  hardness  of  the  parts. 
But  with  the  aid  of  such  a  section  it  is  not  entirely  certain  that 
the  green  alteration  product,  already  referred  to  in  speaking 
of  the  rock,  scattered  in  small  quantities  through  the  section, 
is  identical  with  the  green  mioeral  filling  the  amygdules.  It 
resembles  in  all  respects  the  "viridite",  "delessite",  "chloritic 
substance",  etc.  of  writers  on  these  rocks.  It  was  with  a  good 
deal  of  satisfaction  that  finally  a  full  chemical  analysis  was 
completed  of  this  green  mineral  from  the  amygdules. 

ANALYSIS  OF  STRIGOVITE. 

SiO, 33.U  per  cent. 

AliO, 13.22  "  " 

Fe.O, 24.20  "  " 

FeO 12.19  "  ■' 

CaO 1.50  '■  " 

MgO. 3.48  '•  •' 

H,0 12.34  "  " 

Total 100.08 

This  chemical  analysis  agrees  more  closely  with  strigovite 
than  with  any  other  of  the  chlorites. 

Datolite. 

No.  1518  is  datolite.  Several  specimens  of  this  mineral 
have  been  fouad  on  the  lake  shore  near  Flood  bay  in  sec  29, 
T.  53  N..  R.  low.,  by  Mr.  Brandt  and  Mr.  A.  H.  Elftman. 

The  color  of  the  mineral  is  almost  pure  white;  shape, 
nodular;  texture,  compact  and  very  finely  crystalline.  The 
specimens  show  a  conchoidal  fracture  and  have  an  opaque, 
somewhat  earthly  appearance.  The  microscope  and  thin  sec- 
tion reveal  a  micro  crystalline  structure.  The  hardness  is 
about  4. 5  and  the  specific  gravity  2.9.  Smalt  fragments  are 
easily  fusible  with  intumesceuce  to  a  clear  glass  and  give  off 
water.    All  tests  agree  perfectly  for  datolite. 
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ANALYSIS  OF  DATOLITE. 

Si(», 36,»0  per  cent 

Al.O,  aod    Ff,0,     1.51     "      " 

CaO....; :15.67    "      '■ 

B,0,  hy  dlff 20.32    "      " 

H,0 5.60    '■      " 

Total 100.00 

The  Lake  Superior  region  is  the  only  locality  reporting  this 
variety  of  datolite.  These  specimens  are  similar  in  all  physical 
characters  to  the  mineral  reported  by  Prof.  J.  D.  Whitney*  from 
the  vein  stuff  of  the  Minnesota  mine  on  the  south  shore  of  lake 
Superior.  And  the  chemical  analysis  varies  but  little  from 
that  given  by  Chandler-f 

Datolite  is  found  chiefly  as  a  secondary  mineral  in  basic 
eruptives  with  such  associated  minerals  as  calcite  prehnite  and 
various  zeolites.  All  these  conditions  are  met  at  Flood  bay,  but 
so  far  DO  specimen  of  this  mineral  has  l>een  taken  from  the 
rock  in  place.  From  its  occurrence  among  the  pebbles  where 
foreign  debris  is  to  some  extent  mingled  with  that  of  local 
derivation,  it  is  evident  that  the  mineral  may  have  a  drift 
origin.  The  direction  of  the  later  glacial  movements  would 
make  it  possible  for  these  pebbles  to  be  carried  from  the 
localities  where  this  variety  has  long  been  known,  and  de 
posited  as  drift  where  they  are  now  found.  Therefore  the  only 
positive  fact  of  its  occurrence  in  Minnesota  is,  that  datolite  is 
found  as  nodules  among  the  pebbles  on  the  shore  of  lake 
Superior. 

TRAVERTINE. 

In  connection  with  certain  questions  relating  to  the  Magnes- 
ian  series  of  rocks  in  Minnesota,  the  travertines  from  some  of 
the  limestone  and  dolomyte  beds  have  been  investigated.  One 
specimen  was  selected  from  the  compact  travertine  as  it  occars 
at  Minneapolis  to  represent  a  deposit  from  a  limestone.  The 
other  is  from  a  similar  deposit,  occurring  near  Osceola,  Wis., 
representing  the  dolomytes.  The  Minneapolis  material  is  not 
the  product  of  a  typical  limestone,  although  the  percentage  of 
MgCO,  is  comparatively  low.  The  Osceola  material  is  de- 
posited beside  almost  a  typical  dolomyte. 

•Amei.  Jour.  8c1..  lU  vol.  xkvHI.  pp.  12-lS.  IBtS. 

♦ibia.,  p.  IS. 
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It  is  beyond  my  present  purpose  to  discusB  any  bearing  suoli 
analyses  may  have  upon  those  qaestions  irhich  incited  the  in- 
TestigatiOQ.  It  is  sufficient  to  give  the  results  of  these  analy- 
ses for  the  equal  benefit  of  those  following  similar  lines  of  re- 
search. 

AHALVSES  OF  TBAVBRTINB. 

Hinaeapolis.       Osceola. 

OaCO, 9&01  9850 

UgOO. 1.44  1.76 

Totals 99.45  99.95 

MARL. 
No.  1549. — Recently  upon  draining  a  slough  at  Fergus  Falls, 
a  bed  of  marl  was  found  beneath  about  two  feet  of  black  mud. 
The  marl  bed  is  reported  as  having  a  thickness  of  from  two 
to  two  and  a  half  feet.  It  is  a  soft  loose  shell  deposit  in 
which  many  of  the  shells  are  still  quite  well  preserved.  In 
color  it  is  light  gray.  It  easily  crumbles  for  the  most  part  to 
a  fine  powder.  An  investigation  of  this  material  was  desired 
in  order  to  estimate  its  value  as  a  fertilizer.  And,  because  like 
deposits  may  be  found  in  many  other  localities,  it  seems  ad- 
visable to  render  some  general  opinion  of  their  value. 

ANALYSrs  OP  MABl.. 

Insoluhleportton:— largely  S!0, 4.010  per  cent. 

Solubleportlon:— Al,0,+Fe,0, 1.160  "  •' 

CaO 60.402  "  " 

MgO 2.144  "  " 

CO, 41.826  "  " 

P.O. 126  "  " 

Loss  and  organic  matter 333  "  " 

Total 100.00 

Estimating  the  lime  and  magnesia  as  carbonates  we  should 
have  the  following  percentages: 

CaCO, '. 89.744 

MgCO, 4.480 

Ca.P.O, 275 

It  is  safe  to  predict  that  other  marl  beds  in  our  state  will 
give  essentially  the  .same  results.  The  variable  constituents 
would  most  likely  be  an  increased  amount  of  the  insoluble 
matter  and  a  corresponding  decrease  of  calcium  carbonate. 
Under  slightly  different  circumstances  the  organic  matter  is 
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much  increased  as  a  natural  consequence  of  the  gradual  shal- 
lowing of  the  lake  or  pond  and  the  establishing  of  conditions 
favorable  to  the  fonnation  of  peat.  It  is  not  probable  that 
phosphoric  acid  is  present  in  any  of  our  marls  in  sufftcient 
quantity  to  be  of  much  economic  importance.  Two  other  sam- 
ples of  marl  taken  from  other  localities  give  the  same  reac- 
tions, and  the  different  constituents  would  show  little  varlatioo 
from  the  amounts  given  above. 

In  some  of  the  states  marl  is  extensively  used  as  a  fertilizer. 
The  most  valuable,  however,  have  been  the  greeusands  which 
are  much  used  in  New  Jersey,  and  the  results  of  an  extended 
series  of  investigatiops  are  given  in  the  annual  report  for 
1886  by  the  state  geologist.  Those  points  in  his  conclusiona 
upon  the  relative  value  of  marls,  which  bear  directly  upon  the 
present  case,  may  be  briefly  stated  as  follows : 

1.  The  most  valuable  marls  are  those  which  contain  the 
largest  percentage  of  phosphoric  acid.  The  value  of  this  con- 
stituent is  about  6  cents  per  pound.  The  percentage  multi- 
plied by  20  will  give  the  number  of  pounds  per  ton. 

2.  The  most  durable  marls  are  those  containing  large  quan  - 
titles  of  carbonate  of  lime.  When  a  marl  crumbles  to  a  fine 
powder  it  is  more  valuable  than  the  coarser  material. 

8.  All  forage  crops  are  particularly  improved  by  marls. 
The  green  marls  are  spread  upon  the  surface  in  the  field  to  the 
amount  of  from  100  to  400  bushels  per  acre.  Other  marls  must 
be  used  in  larger  quantities,  but  will  produce  good  results. 

4.  The  beneficial  effect  of  one  application  of  green  marl  has 
been  observed  to  last  for  from  12  to  15  years. 

One  of  the  best  sources  of  imformation  is  the  work  entitled: 
"Agriculture  in  some  of  its  Relations  with  Chemistry,"  by  P. 
H.  Storer.  The  points  of  direct  importance  are  condensed  into 
the  following: 

1.  Carbonate  of  lime  tends  to  prevent  puddling  of  clayey 
soils.  The  stone-like  clods  found  in  certain  qualities  of  clay 
are  serious  hindrances  to  plant  growth  and  are  often  improved 
by  marls.     After  rains  clays  becomes  less  sticky. 

2.  The  improvement  of  the  texture  of  clayey  soUs  is  a 
practical  fact  of  the  very  first  importance. 

3.  Generally  speaking,  unless  appreciable  quantities  of 
phosphoric  acid  are  present,  it  is  only  the  carbonate  of  lime  in 
a  marl  that  gives  it  fertilizing  power.  Marls  can  rarely  do  any 
harm  for  there  is  nothing  hurtful  in  them. 
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4.  The  physical  condition  of  the  marl  has  much  to  do  with 
its  value.  Easily  pulverizable  varities  are  best.  They  must 
fall  to  powder  under  the  action  of  the  atmosphere. 

5.  Carbonate  of  lime  is  helpful  for  nitriflcation. 

6.  "Root  crops"  are  more  subject  to  disease  and  failare  on 
soils  lacking  lime.  On  poor  san^  soils  the  best  fertilizers  are 
never  so  beneficial  and  lasting  in  their  effect  as  when  marl  or 
lime  has  been  first  applied. 

The  points  noted  above  are  sufficiently  clear.  There  is,  how- 
ever, among  writers  on  this  subject  a  wide  diversity  of  views 
as  to  the  importance  and  true  value  of  marls.  The  present 
tendency  is  certainly  more  favorable  to  them.  It  is  a  well- 
recognized  fact  among  geologists  that  limestone  areas  are  pre- 
eminently fertile.  It  seems  reasonable  that  increasing  such 
constituents  in  other  soils  would  be  invariable  beneficial. 

In  concluding  this  part  of  the  subject,  we  must  note  that 
calcium  carbonate,  which  forms  almost  ninety  per  cent,  of  the 
marl,  is  the  material  most  in  question.  Therefore  marl  would 
prove  most  beneficial: 

1.  On  poor  sandy  soils  with  other  fertilizers. 

2.  On  heavy  clay  soils,  chiefly  to  improve  the  texture. 

3.  On  soils  soared  and  too  acid,  in  affording  the  alkaline 
condition  essential  to  nitriflcation  and  the  preparation  of  plant 
foods. 

4.  On  soils  lacking  a  lime  constituent. 

The  physical  condition  of  the  marl  is  very  favorable  for  easy 
application  and  complete  crumbling.  The  ease  with  which 
similar  marls  may  be  obtained  in  many  places,  while  other 
fertilizers  are  comparatively  expensive,  will  no  doubt  make 
this  subject  more  important  as  an  economic  question  as  the 
need  of  a  fertilizer  becomes  more  apparent. 

A  point  not  yet  touched  upon,  and  needing  only  to  be  men- 
tioned is — that  marls  of  so  high  a  percentage  of  calcium  carbo- 
nate will  burn  to  a  good  lime  for  local  use.  Incase  the  soil  is  not 
of  such  nature  as  to  require  the  marl,  this  other  use  may  prove 
of  value.  In  some  cases  a  very  good  quality  of  lime  can  cer- 
tainly be  produced. 

Some  of  the  shells  in  this  marl  were  very  well  preserved, 
although  all  of  them  are  frail.  In  order  to  make  comparisons 
with  the  fauna  of  our  present  lakes  it  became  necessary  to 
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have  the  species  determiiied.  Accordingly,  a  sample  of  the 
marl  including  some  of  the  best  shells  was  sent  to  Mr.  H.  A. 
Pilsbry,  of  Philadelphia,  who  has  reported  the  foUowiag: 

1.    Planorbit  btcartnotiu  Saf . 

f.  "         campatadalua  Say. 

5.  "         parviM  Si&s. 
4.            "         d^flertiM  Say. 

6.  "         ezoculiM  Say. 

6.  LiTnnaa  galbana  Say. 

7.  Phy»a  eUiptka  Lea. 

8.  VdlwOa  trtcai-inota  Say. 

9.  Amnieola  livwsa  Say. 

10.  "         halrica  Pilabry. 

11.  Pitidiitm  abditum  Haldemao. 

It.    Spfteertum.    Fragments  ODiy.    Species  UDdetertnlaed. 

Mr.  Pilsbry  further  remarks  that  No.  6,  Limnaa  galbana 
Say,  was  described  from  the  bed  of  a  small  lake  in  New  Jer- 
sey and  is  not  known  to  occur  living.  It  is,  however,  closely 
allied  to  a  recent  species.  There  is  nothing  in  the  shells  to 
indicate  any  especially  different  climate  from  that  of  Minne- 
sota or  Michigan  to-day.  although  a  similar  modem  pond  would 
be  likely  to  produce  certain  large  species  of  Limnaa  in  Minne- 
sota, such  as  L.  atagnalis,  reflexa,  palustris,  etc. 

All  of  these  species  except  Nos.  6  and  10,  Limncea  (ja^Kma 
Say,  and  Amnieola  lustrica  Pilsbry,  have  been  reported  from 
the  lakes  and  rivers  of  our  state.  L.  atoffoaliB  and  L.  palugtris 
are  noted  by  both  Dr.  U.  S.  Grant  and  Prof.  J.  M.  Holzinger 
in  the  16th  Ann.  B.  of  the  Minn.  Geological  and  Nat  Hist  Sur- 
vey.    Several  species  of  Sphcerium  have  also  been  reported. 

A  further  examination  of  this  marl,  when  larger  quantities 
can  be  obtained,  will  no  doubt  add  to  this  list.  Until  this  part 
of  the  subject  can  be  more  thoroughly  investigated  no  conclu- 
sions or  remarks  can  have  any  definite  value. 

I  am  indebted  to  C.  A.  Ballard,  Supt.  of  the  Fergus  Falls 
schools,  for  the  material  with  which  all  the  work  has  been 
done;  and  to  H.  A.  Pilsbry,  conservator  of  the  conchological 
section  of  the  Acad,  of  Nat.  Sci.,  Philadelphia,  for  his  aid  in 
this  note. 
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CHEMICAL  ANALYSES. 


Below  are  given  the  results  of  the  chemical  work  done  for 
the  survey  since  the  analyses  last  reported  (19th  Ann.  Rept.,' 
pp.  121127).  These  analyses  were  made  by  Prof.  J.  A.  Dodge, 
Prof.  C.  F.  Sidener,  Mr.  A.  D.  Meeds  and  Mr.  A.  J.  Ham- 
mond, in  the  chemical  laboratory  of  the  University  of  Minne- 
sota, and  the  following  report  of  them  was  prepared  under  the 
direction  of  Prof.  G.  B.  Frankforter. 

Chemical  Series  No.  217. 
Pyroxene.     Analysis  by  0.  P.  Sidener. 

Silica SiO,       53.19  per  cent. 

Alumloa AUO,       2.38    "      " 

Ferrfcoxlde Fe,0,      925    "      " 

Ferrousoxlde PeO         5.15    "      " 

Ltme CaO        17.81    "      " 

Magneaia MgO        9.43    "     " 

Potasaa K,0  .38    "      " 

Soda Na.O       2.63    "     " 

Water P,0  .01    "     " 

Total 10023 

Chemical  Series  No.  2l8. 
"Soft"  copper.     Analysis  by  J    A.  Dodge. 

Lead. Pb  alight  trace. 

ADtimooy Sb  irace. 

Iron Fe  .06percent. 

Sulphur S  .03    "     •' 

Copperibydlfl.) Cu  99.91    "     " 

Total 100.00 

The  '-soft"  copper  is  well  refined. 

Chemical  Series  No.  219. 
"Hardened"  copper.     Analysis  by  J.  A.  Dodge. 

Lead Pb  trace. 

ADtlmony Sb  .36  per  cent. 

Iron  Fe  l.M    "     " 

Sulphur S  .33    "     " 

Phosphorus P  ,01    "     " 

Copper  (by  dlff.) Cu  97.96    "      " 


Total 100.00 
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The  analysis  seems  to  show  that  the  "hardened"  sample  is 
nothing  but  unreSned  or  imperfectly  refined  copper,  contain- 
iug  foreign  substances  derived  from  the  ore. 

Chemical  Series  No.  220. 
Iron  ore.     Analysis  by  C.  P.  Sidener. 

SUioa SiO,       10.25    perceot. 

Alumina A1,0,       .98     '•     " 

ITerric  oxide  (Fe=59.MI). Fe.O,  84.«3      "      " 

Water H,0       *.0l     "     " 

PhoeiAorus P  .M«    "     " 

Mangaaeae Mn       trace. 

Magnesium Mg       trace. 

Calctum Ca        Doae. 

Sulpbnr S  ttone. 

Total 99.B16 

Chemical  Series  No.  221. 

Sample  of  rock.     Analysis  by  C.  F.  Sidener. 

Silica SiO,  52.M  perceot. 

Alumina Al.O,  14.70  "  " 

Ferric  oxide Fe.O.  2.62  "  " 

Ferrousoxide FeO  7.80  "  " 

Lime CaO  8.56  "  " 

Magnesia.. f MgO  *.*9  "  " 

-Potassa K.O  .04  "  " 

Soda Na.O  3.09'  "  " 

Carbonicaeld CO,  4.86  "  " 

Water H,0  2.0*  "  " 

Total 99.0* 

Chemical  Series  No.  222. 
Sample  of  rock.    Analysis  by  C.  F.  Sidener. 

Silica SIO,  eaai  percent. 

Alumina Al.O,  16.61  '■  " 

FerrlcoTlde Fe,0»  l.»T  "  " 

Ferroueoxlde FeO  5.09  "  " 

Lime CaO  *.46  "  " 

Magnesia MgO  3.10  "  " 

Eotassa K,0  .26  "  " 

Soda Ha.O  3.1 1  "  " 

Carbonicaeld CO,  1.67  "  " 

Water H,0  2.45  "  " 

Total 99.22 
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Chemical  Series  No.  223. 
Supposed  bog  maoganese.     Analysis  by  J.  A.  Dodge, 
f^oimd  only  a  trace  of  manganese,  the  material  being  clay 
mixed  with  peaty  matter. 

Chemical  Series  No.  224. 
Feldspar.     Analysis  by  J.  A.  Dodge. 

Silica SiO,  51.45  per  cent. 

Alumina A1,0,  3I.M    "      " 

Ferric  oxide. Fe,0,  trace. 

Lime / CaO  14.31  per  cent. 

Uagueela MgO  .27    "      " 

Soda Na.O  .85    "     " 

Potasaa K.O  ,21    "     '■ 

Water H,0  .68    "      " 

Total 99.71 

Chemical  Series  No.  225. 
Supposed  bog  manganese.     Analysis  by  J.  A.  Dodge. 

Carbonaceous  matter  (bf  equattoo) 57.16  percent. 

Silica SIO,        28.55    "      " 

Alumlua A1,0.       5.19    "      " 

FerricoLlde -^ Fe.O,       .98    "      " 

Black  oilde  of  niangaoeae McO,        .46    "     " 

Total 82.36 

CaO,  MgO,  Na,0.  K,0.  C0„  SO,  and  P.Oj  present  but  not 
determined  quantitatively. 

Analysis  of  Mineral  Water. 
Sample  of  water  from  a  deep  well  at  St.  James,  Minn.,  at 
depth  of  about  500  feet.     Analysis  by  J.  A.  Dodge. 

Mineral  matter  in  suspension 844.47  gralag  pei  U.  S.  gal. 

"         "  "  solution 130.88      "        '*      " 

Total 976.35  grains  per  U.  S.  gal. 

Composition  of  matter  in  suspension: 

Oxideof  Iron loi^e quantity. 

Carboaate  ot  lime 'small       " 

Ola; very  large  quantity. 

Composition  of  matter  in  solution: 

Sulphate  of  lime 103.19  grains  per  tJ.  S.  gal. 

Carbonate  of  lime moderate  quantity. 

"  "   magnesia small  " 

Chloride  of  sodium "  " 

Potash  salts "  '■ 
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Reaction  slightly  alkaline. 

The  water  was  very  turbid   with  red  clay;  it  was  easily 
clarified  by  filtration  through  paper. 

Chemical  Series  No.  226. 
Granite.    Analysis  by  J.  A.  Dodge. 


66.84  per  cent, 
trace. 
18.22 


Silica SIO, 

Phosphoric  oxide P.O. 

Alumina.  AI^O, 

Ferric  oxide Pe.O, 

Ferrous  oxide FeO 

Lime CaO 

Maguesla MgO 

Potassa K.O 

Soda Na.O 

Water H.O 


Total 100.05 

Chemical  Series  No.  227. 

Feldspar.    Analysis  by  C.  F.  Sidener. 

Silica SiO,  67.99  percent. 

Alumina Al.O,  19.27    "  '• 

Ferric  oslde Fe.O,  .82    "  " 

Lime CaO  .75    "  *' 

Maguesla MgO  .02    "  " 

Potaesa K.O  3.05    "  " 

Soda Ha,0  6.23    "  ■' 

Water H.O  .80    "  " 

Total 99.03 

Chemical  Series  No.  228. 

Hornblende  porphyryte.    Analysis  by  J.  A.  Dodge. 

Silica. SIO.  60.32  percent. 

PhoBphorio  oxide P.O.  ,.12    "  " 

Alumina AI.O.  15.80    "  " 

Ferric  oxide Fe.O,  5.42    "  " 

Ferrous  oxide '. FeO  .89    "  " 

Lime CaO  4.66    "  " 

Magnesia MgO  5.08    "  " 

Potassa K.O  1.82    "  " 

Soda Na.O  4.09    "  '■ 

Water. H,0  1.67    "  " 

Total 99.86 
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Chemical  Series  Mo.  229. 
WiDDebago  meteorite.    Analysis  by  C.  F.  Sidener. 

Silica SIO,  38.23  percent. 

Alumloa Al.O,  2.3fl    "      " 

Ferrous  oxide FeO  5  M    "      " 

Chromicoxiae Cr.O,  .42    "      " 

Lime CaO  1.54    "     " 

HagDeslB. MgO  23.20    "     •' 

Potaesa K,0  .14    "      " 

Soda Na.O  .81    "     " 

Iron Fe  23.27    "      " 

Nickel Bl  1.67    "      '■ 

Cobalt Co  .07    "      " 

HangaDese Mn  brace 

Copper Cu  trace 

Sulphur S  2.08    "      " 

PhoaphoruH P  0.14    "     " 

Graphite C  trace 

Total 100.00 

Chemical  Series  Mo.  230. 
Metallic  part  of  Winnebago  meteorite.    Analysis  by  C.  F. 
Sidener. 

Iron ' Fe  87.06  percent. 

Nickel Nl  12.28      "      " 

Cobalt Co  .217    "      " 

Copper Cu  trace 

PfaoBphorua P  ,028  per  cect. 

Total 88.675 

Chemical  Sbkies  No.  281. 
Pellets  from  the  Winnebago  meteorite.     Analysis  by  C.  P. 
Sidener. 

Silica SIO,  47.71  per  cent. 

Alumina Al.O.  6.00    "      " 

FeiTlcoxide. Fe.O,  2.70    '■      " 

Ferrousoxlde FeO  12.07    "      " 

time CaO  4.66    "      " 

Hagaeela M^  27.29    "     " 

Total 9».«3 
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Chemical  Series  No.  232. 
Quartz  porphyry.     Analysis  by  A.  D.  Meeds. 

SiUca SiO,  69.70  per  cent. 

AlumlDa...  A1,0,  18.72    "  " 

Ferric  oxide Fe,0»  ,66    "  " 

Ferrous  oxide FeO  .7fl    "  " 

Lime CaO  2.25    "  " 

Magnesia ; MgO  .45    "  " 

Soda Na,0  5.01    '■  •■ 

Potassa K,0  1.68    "  " 

Water H,0  .71    "  " 

Total 99.96 

Chemical  Series  No.  233. 
Granite.     Analysis  by  A.  D.  Meeds. 

Silica SiO,  69.34  per  cent 

Alumina AUO,  17.25    "  " 

I'erric  oxidejincludlng  FeO) Fe,Og  2.4«    "  " 

Lime CaO  a43    '*  " 

Magnesia MgO  1.18    "  " 

Soda Ka.O  4.33    '■  " 

Potassa K,0  'll    "  " 

Water H,0  1.17    '■  " 

Total 99.87 

Chemical  Series  No.  234. 
"Muscovado."     Analysis  by  A.  D.Meeds. 

Silica SiO,  49.07  per  cent. 

Alumina Al.O,  17.21    "  '■ 

Ferric  OLlde. Fe.O,  .46    "  " 

Ferrousoxide FeO  12.68    "  ■' 

Lime CaO  9.66    "  " 

Magnesia MgO  3.60    "  " 

Soda Na.O  8.96    "  " 

Potassa EfO  trace. 

Carbonic  acid GO,  2.70  per  cent. 

Manganese ; MdO  trace. 

Water H,0  1.65  per  cent. 

Total ■ 99.89 
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Chemical  Series  Mo.  235. 
Taconyte.    Analysis  by  C.  F.  Sidener. 

SlUca SIO,  86.35  p 

Alumina , Al.O,  .78 

Ferric  oxide Fe,0,  7.41 

Ferrous  oxide FeO  3.46 

Lime CaO  .01 

Magnesia MkO  .06 

Potassa K.d  ,01 

Soda Na.O  .12 

Carbonic  add CO,  1.22 

Water H,0  .01 

Total 99.42 


Chemical  Series  No.  236. 
Taconyte.     Analysis  by  C.  P.  Sidener. 

Silica SiO,  41.73  percent. 

Alumina Al.O,  4.07  "  ■' 

Ferricoxlde Fe.O,  14.43  "  " 

Ferrous  oxide FeO  19.85  "  " 

Lime. CaO  .02  "  " 

Maguesia MgO  4.4t  "  " 

Potasaa K,0  .02  ■'  ■* 

Soda Na,0  .18  "  " 

Carbonic  acid CO,  5.76  "  " 

Water H,0  5.65  "  " 

Organic  matter 3.60  "  " 

Total 99.62 

Also  a  trace  of  graphite. 

Chemical  Series  No.  237. 
Taconyte.    Analysis  by  C.  F.  Sidener. 

Silica SIO,  85.97  percent. 

Alumina Al.O,  .67  "  " 

Ferricoxlde Fe,0,  11.40  "  " 

Ferrous  oxide FeO  .90  "  " 

Lime CaO  .01  "  " 

Uagnesla MgO  .02  "  " 

Potaasa K,0  .01  "  " 

Soda. Na.O  .01  "  " 

Water. H,0  .30  "  " 

Total 99.29 
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Chemical  Series  Mo.  ^88. 
Silica-kaolin.    Analysis  by  C.  P.  Sidener. 

Silica SIO,  77.89  percent. 

Alumina A1,0,  13.55     '■  " 

I^rric  oxWe Pe.O,  1.83    "  " 

Llm« CaO  trace 

Magnesia MgO  .38    ■'  " 

Potasaa K.O  .H    "  " 

Soda Sa,0  JB    "  " 

Water H,0  4.45    "  " 

Total 99.50 

Chemical  Seribs  No.  239. 
Taconyte.     Analysis  by  C.  P.  Sidener. 

Silica SiO,  61.57  per  cent. 

Alumina Al.O,  16.83    "  " 

Ferrlcoxide Fe,0,  5.27    "  •* 

Ferrous  oxide FeO  6.41    "  " 

Lime CaO  .01    "  " 

Uagn«6la MgO  3.44    "  " 

Potaasa K,0  1.59    "  " 

Soda Na,0  .12    "  " 

Water H.O  4.70    "  " 

Total 99.9* 

Chemical  Series  No.  240. 

Taconyte.    Analysis  by  A.  D.  Meeds. 

Sllfca SIO,  23.80  per  cent. 

Alumtua Al.O,  7.95    "  " 

Ferric  oxide Fe,0,  5.97    "  " 

Ferrous  oxide .,    FeO  32.21    '■  " 

Lime CaO  4.67    "  " 

Magnesia MgO  5.89    •'  " 

Soda Ha,0  .29    •■  " 

Potassa K,0  .18    "  " 

Manganese MnO  trace. 

Gartnnlc  acid CO,  11.84  per  cent. 

Water H,0  4.28    '*  " 

Organic  matter 3.36    "  '* 

Total 100.43 
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Chemical  Series  No.  241. 
Taconyte.     Analysis  by  A.  D.  Meeds. 

Silica SiO.  66,28  p 

AlumiDa ' Al.O,  3.29 

Ferric  oxide *. Fe.O,  15.25    ' 

Ferrous  oxide FeO  18.2B 

Lime. CaO  .83 

Hagoeela MgO  .72 

Soda Na,0        .25 

Lose  on  Ignition 4.75 

Total W.76 


Chemical  Series  No.  242. 
Silica  powder.    Analysis  by  A.  D.  Meeds. 

Silica... SIO,  98.17  perQent. 

Alumina A1,0,  .60    "      " 

Ferrlcoxlde Fe,0,  1.03    "      " 

Lime CaO  traoe 

Magnesia MgO  trace 

Soda. Ha,0  .25 

Fotassa K,0  trace 

LossoD  IgDltlon ID    "     " 

Total 100.14 

Chemical  Series  No.  243. 
Taconyte.    Analysis  by  A.  J.  Hammond. 

Silica SiO,  67.00  percent. 

Alumina Al.O,  1.43    "  " 

Ferric  oxide Fe,0,  27,06    "  " 

Ferrous  oxide FeO  11.08    "  " 

Lime CaO  .40    "  ■ ' 

Magnesia MgO  2.02    "  " 

Potasaa K,0  .113"  •• 

Soda Na.O  .397  '■  " 

Loss  on  ignition 91 

Total 100  400 
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Chemical  Series  No.  244. 
Tacooyte.    Aoalyses  by  A.  D.  Meeds. 

SUtca : SiO,  64.04  per  cent. 

Alumloa * Al.O,  2.11  "      " 

Ferrlcoxlde Fe.O,  2.81  '•     " 

FerrouB  oxide FeO  22.14  "     •' 

Lime CaO  .60  "      " 

Magnesia MrO  4.04  "     " 

Soda Na.O  .30  "     '■ 

PotasBa K,0  .11  "     '■ 

Water H.O  3.73  "      - 

Loss  on  IgnlUon .67  '■     " 

Total 100.55 

Another  analysis  oJ  the  same  rock,  which  varies  a  great 
deal,  gave: 

Silica SIO,  58.M  per  cent. 

Alumina Al.O,  2.72  "      " 

Ferricoxlde Fe.O,  3.01  "     ■' 

Ferrousoxide FeO  22.94  "      '■ 

Lfme CaO  .71  '■      - 

Magneaia MgO  4.74  •'      •' 

Potassa K.O  .09  "     " 

Soda Na,0  .24  "     " 

Water H.O  3.35  "      " 

Carbonic  acid CO,  3.72  "     " 

Total 100.48 

Chemical  Series  No.  245. 

"Muscovado."    Tested  by  A.  D.  Meeds. 
Gave  a  strong  qualitative  test  for  titanium. 

Chemical  Series  No.  246. 
Glauconite.     Analysis  by  A.  D.  Meeds. 

Ferric  oxide Fe,0,  9.43  per  cent. 

Ferrousoxide FeO  3.M  "     " 

Chemical  Series  No.  247. 

Bock  containing  glauconite,  siderite  and  silica.    Analysis 
by  A.  D.  Meeds. 
Insoluble  in  HCl,  as  follows: 

Silica SIO,  74.53  per  cent. 

Ferric  oxide Fe,0,  .34  "      " 

Alumina A1,0,  .22  "      ■' 

76.09  "      " 
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Soluble  in  HCl,  as  follows: 

Alumina AlgO. 

Ferricoxfde Fe.O, 

Ferrous  oxf  de FeO 

Lime CaO 

Magnesia MgO 

Soda Ha.O 

Potassa K,0 

Carbooicacld  CO, 

Water H,0 


Of  the  PeO.  8.35  percent,  is  combtaed  as  PeCOj,  making 
13.45  percent.  FeCOg.  The  remaining  6.49  per  cent,  of  PeO  is 
combined  as  glaaconite. 

Chemical  Series  No.  248. 
Glauoonite.    Analysis  by  A.  D.  Meeds. 

Silica StO,  47.12  per  cent. 

Alumina A1,0,  2. 

Ferric  oxide Fe.O,  3. 

Ferrous  oxide FeO  28. 

Lime CaO 

Magnesia : MgO  1 

Potassa  K,0 

Soda Na.O  trace. 

Water H.O  2.70  per  cent. 

Carbonlcacid CO,  13.49    "      " 

Total 100.46 


DERIVATION  OF  THE  POREGOING  SUBSTANCES. 

Chent.  Seriet  ?/7,— Pjroxene  Erom  porphf rltlc  auglte  soda  granite;  rock 
Se  Grant;  N.  W.  corner  of  sec.  32,  T.  65-6  W.;  aorth  shore  of  Eekequabic 
lake,  Lake  county.  See  Amer.  Oeol.,  rol.  11,  p.  387,  June,  1893;  and  21st 
Ann.  Rept.,  p.  48. 

Cfi*m.  iSteites  2JS,— Metallic  copper,  nearlj  or  quitepure,  from  Mr.  Peter 
Johnson,  Dassel,  Minn. 

Chem.  Series  S19. — "Hardened"  metallic  copper,  nearly  or  quite  pore, 
from  Mr.  Peter  Johnson,  Dassel,  Minn. 

Chan.  Series  SlO.— Iron  ore  from  pit  No.  1,  ClQClnnatl  mine,  Meaabi 
range.  Represeatatlvesampleof  theHesabI  ore.  See  20lh  Ann.  Rept. 
p.  149. 

Chem.  Series  ?Si.— Greenish  felsyte  (?),  country  rocfc  at  Ely;  rock  1002, 

C^m.  Series  3«?.— Rock  Bluiilar  to  the  last,  but  from  the  interior  of  one 
of  the  rounded  musses  In  the  agglomerate  at  the  railway  cut  at  Ely;  rocic 
1626.    See  Amer.  Geol.,  vol.  9,  pp.  359-368,  June,  1892. 

Chem,  SeriMf?;?.— Supposed  bog  manganese  (but  really  clay  and  peat), 
three  miles  S.  W.  of  Montioello.  See  19th  Ann.  Bept.,  pp.  60-81;  and 
20th  Ann.  Kept.,  pp.  321-322. 


,Coo»^lc 


214  TWBNTY-THIRD  ANNDAL  REPORT 

Chem,  Series  f^i.— Anorthlte,  from  cave  at  east  of  Split-rock  point, 
north  shore  of    lake  Superior;  rork  5  fi  Lawfiou.    Soe  Bull.  ^0.  YIIJ,  p.  6. 

Chem.  Soies  ^?5.— Supposed  bog  manganeBe  (reallj  a  peatf  subfttSDCe), 
Montlcello.  From  Mr.  J.  N.  SUcy.  See  19th  Anu.  Kept.,  pp.  8fr81;  and 
20th  AUD.  Bept.,  pp.  321-322. 

C/iem.  Serits  sse.—kagite  8odagranlte;roek551  Grant;  S.W,  iS.W.isec. 
3,  T.  64-7  W.;  south  shore  of  Kekeguabic  lake.  Lake  county.  See  Amer. 
Geol.,  vol.  II,  p.  385,  June,  1893;ancr  2Ist  Ann.  Kept.,  pp.  11-42. 

Chem.  Serien  ?«?. ADorthoclase  from  augite  soda  jtranite;  rock  551  Orant; 
S.  ff.  t  S.  W.  i  sec  3,  T.  64-7  W.:  south  shore  oC  Kekeouablc  lake,  Lake 
county.  See  Amer.  Geol.,  vol.  11,  p.  386,  June.  1893;  and  21st  Add.  Rept, 
p.  44. 

Chem.  Series  SfS.— Hornblende  porphyryte;  rock  791  Grant;  N.  E.  t  S.  E. 
IN.W.lsec.  29,  T,65-6W.;southend  of  Epsilon  lake,  Lake  couoty.  See 
21st  Ann.  Bept.,  p.  58. 

Chem.  Series  ?39.— Wlnaebago  meteorite,  tak ad  as  a  whole.  Museum 
No.  7239. 

Chem.  Se^-ies  SSO.— The  iron  of  the  Winnebago  meteorite.    Uuseum  No. 


of 
„, ... ,    ...  i  N.  E.  *  HfiC,.  21.  T.  B.^10T~ 

Lake  county.    See2iatADn.  Bept,  p.  43. 

Cheta  SenesSSS, — Characteristic  specimen  of  the  Saganaga  granite,  a 
coarse  grained  hornblende  granite;  rock  686  Grant;  S.  W.  i  N.  £.  i  sec. 
22.  T.  66-5  W.;  Saganana  lake,  Cook  county.    See  2Ist  Ann,  Bept.,  p.  43. 

Chem.  Series  SSi.— Fine  grained  gabbro  ("granulltlcgabbro")  or  "mus- 
covado;" rockSST  Grant;  near  HI .  line  of  sec.  2,  T.  64-5  W.,Bashltanakueb 
lake,  Cook  county.     See  21st  Ana.  Bept.,  pp. .150-151. 

Chem.  tferws  S55.—Siderl tic  chert  banded  with  siliceous  and  cblorltic 
slates;  rock  27  Spurr;  N.  E.  t  S.  E.  i  sec.  33,  T,  58-17  W.,  St.  LouU  county. 
See  Bull.  No.  X,  p.  54. 

Chem.  Series  MS.— Dark  green  spotted^franular  taconyte  (gieen-sand- 
stone?^  rock  53  Spurr;  S.  E.  i  sec.  4,  T.«J-ieW.,  St.  Louiscounty.  See 
Bull.  Ho.  X.  p,  70. 

Uhem.  Series  ^57.— Bed  siliceous  Jointed  taconyte,  somewhat  decom- 
posed; rock  65  Spurr;  S.  W.  i  S.  W.  i  sec.  2,  T.  58-18  W,  St.  Louis  county. 
See  Bull.  Ho,  X,  p.  116. 

Chem.  Series  g38.—B&Tt6e6  sJllca-kaolln;  rock  70  Spurr;  S.  E.  IN.E.  i 
sec.  6,  T.  58-n  W.,  St.  Louis  county.    See  Bull.  No.  X;  p.  81. 

Chem.  Series  .SW.— Taconyte  {?)  shale;  rock  101  Spurr;  S.  E.  1  N.  W.  i 
sec.  18,  T.  58-18  W,,  St.  LouJs  county.    See  Bull.  No.  X,  p.  148. 

Chem.  Series  e*5.— Siderltlc  and  cherty  slate;  rock  112  Spurr;  N.  W.  J  N, 
K.  i  sec  17,  T.  58-19  W.,  St.  Louis  county.    See  Bull.  No.  X,  pp.  lO-U. 

Chem.  Series  2ii.— Glauconite  taconyte,  with  magnetite;  rock  217  Spurr; 
N.  W.  i  N.  W.  i  sec.  22,  T.  68-20  W.,  St.  Louis  county.  See  Bull.  No.  X, 
p.  87. 

Chem.  Series  Sde.-Sinca  powder;  rock  230  Spurr;  S.  E.  i  N.  W.  1  sec.  23, 
T.  57-22  W.,  Itasca  county.    See  Bull.  No.  X,  p.  214. 

Chem.  Series  ftJ.— Gray  siliceous  taconyte;  rock  107  Spurr;  S.  W.  i  S.  W. 
1  sec  2,  T.  58-19  W.,  St.  Louis  county.    See  Bull.  Ko.  X,  p.  134. 

Chem.  Series  2**.— Hard  green  taconyte,  banded  with  magnetite;  rock  14 
Spurr;  S.  B.  i  N.  E.  i  sec.  30,  T.  58-17  W.,  St.  Louis  county.  See  Bull.  No. 
X,  pp.  103-104. 

Chem.  Series  Srf5.— Fine  grained  noryte,  or  "muscovado";  rock  1784;  north 
aide  of  Muscovado  lake,  Cook  county.    See  21st  Ann.  Bept ,  p.  150. 

Cliem.  Series  S46. —Ql&aconita  from  St.  Lawrence  llmestoDe;  Museum 
Ho.  3292;  Hebron,  Nicollet  county. 

Chem.  Se)-ie«fJ7.—Glauconite  and  siderlte  from  elauconltlc  taconyte; 
rock  125  Spurr;  near  N.E.iS.  W.  isec.  17,  T.  58-19  W.,  St.  Louie  county. 
See  Bull.  No.  X,  pp.  232-233. 

Chem.  Series  f^.— Same  as  Chem.  Series  247. 
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IX. 

THE  PROGRESS  OF  MINING. 


By  N.  H.  Winchell. 


The  last  statement  in  these  reports  concerning  the  product 
of  the  iron  mines  of  the  state  was  in  the  report  for  1881,  (20th 
report,  pp-  1&2,  ISS.)  Since  that  time  the  Legislature's  "Blue 
Book"  has  contained  such  information,  for  1892  and  1893.  The 
years  1893  and  1894  exhibited,  in  the  iron  ore  output  from  the 
state  of  Minnesota,  a  wonderful  rate  of  increase  as  compared 
with  the  iron-producing  states  of  the  Lake  Superior  region. 
Financial  revulsion  visited  the  country  in  1898,  and  continued 
through  1894,  and  the  iron  industry  suffered  great  reverses. 
The  output  declined  in  the  Marquette  range  in  Michigan  from 
6.179.098  tons  in  1891  and  1892,  to  3,885,000  In  189S  and  1894. 
The  decline  on  the  Menominee  range  was  from  4,086,118  tons, 
for  the  same  time,  to  2,604,146  tons.  The  Gogebic  range  fell 
off.  for  the  same  time,  from  4,797,590  tons  to  3,168,560  tons. 
In  the  Vermilion  range  the  decline  was  slight,  being  from 
2,064,165  tons  to  1,774,820  tons.  But  the  rapid  development  of 
the  Mesabi  range  showed  an  increase  from  4,245  tons  in  1892 
(first  year  of  shipment)  to  2,402,067  tons  for  1893  and  1894. 
This  so  far  overbatauced  the  loss  on  the  VermiUon  range  that 
the  state  showed  an  increase  from  2.064,933  tons  in  1891  and 
1892  to  4,176.887  tons  for  1893  and  1894,  which  is  about  100 
per  cent 

Accompanying  the  development  of  the  iron  industry  have 
come  many  other  industries,  and  other  elements  of  financial 
and  political  growth.  These,  however,  are  not  so  Important 
nor  so  numerous  as  they  are  destined  to  be  in  the  near  future. 
The  whole  region  about  the  west  end  of  lake  Superior  has  felt 
the  impulse  of  this  development,  and  new  improvements  are 
■  projected  on  all  hands,  which  when  carried  out  will  bring  the 
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northeastern  part  of  the  state  into  prominence  as  a  manufact- 
uring and  commercial  power. 

The  following  figures  show  the  actual  production  of  iron  ore 
from  the  mines  of  Minnesota  by  years,  since  1884: 


Product  in 


VermiUon  rangt. 

Mtaabi  range. 

887 

888 

889 

611,935     " 

844,838      " 

892 

1,161,660     " 

4,245  tons. 
613,620      ■' 
1,788,447      " 

894 

953,699     " 

Totals 7,065,832  tons.        2,406,312  tons. 

Orand  total  for  the  state > 9,472,144  tons. 
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XI. 

LIST  OF  ROCK  SAMPLES  COLLECTED  IN  1891. 


By  U.  S.  Gsaht. 


Tbe  present  list  is  a  coDtiaaation  of  those  foand  in:  (1)  the 
17th  Ann.  RepL.  pp.  20I-2L5;  (2)  Uie  30th  Ana.  Kept,  pp.  96- 
110;  (3)  the  2lst  Add.  Rept,  pp.  59-67;  (4)  the  22ad  Ann. 
Kept,  pp.  78-66.  Most  of  these  rock  samples  have  not  been 
carefully  studied  in  the  laboratory,  and  so  t^e  names  are  to  be 
regarded  as  often  only  approximately  correct  The  specimens 
in  this  series  are  numbered  in  green  and  can  thus  be  distio- 
gaished  from  those  of  any  other  series  of  the  survey  or  mn< 
seum.  Most  of  the  specimens  listed  below  are  from  tbe 
vicinity  of  Carlton  or  from  the  Rainy  Lake  region.  Nos.  1058 
to  1067  were  collected  by  Mr.  H.  V.  Winchell. 

1017.  Soft  greenish  shale,  showing  baadiag.  North  side  of 
the  St.  Louis  river  at  the  mouth  of  the  small  creek  in  S.  E.  ^ 
S.  B.  i  sec.  2,  48  16.  This  shale  underlies  unconformably  a 
coarse  conglomerate. 

1017A.  Quartzyte  pebble  from  this  conglomerate.  Same 
place. 

1017B.    Dark  flinty  pebble.     Same  place. 

1017C.     Slate  pebble.     Same  place. 

1017D.  Reddish  melaphyre  pebble  from  conglomerate. 
North  side  of  tbe  St  Louis  river  at  the  mouth  of  a  stream, 
near  center  of  sec.  1.  48  16. 

1018.  Gray  slate,  showing  Sne  laminae  which  are  not  parallel 
with  the  bedding.  First  rock  cut  on  Uie  Northern  Pacific  R. 
R.  west  of  Wrenshall;  N.  W.  i  N.  W.  i  sec.  8,  48-16. 

1019.  Fresh  diabase  from  dike.     Same  place. 

1020.  Medium  grained,  pinkish,  biotite  granite.  N.  E.  i  S. 
E.  {  sec.  27,  67-18;  west  end  of  Bottle  portage,  Lac  la  Croix. 

1021.  Biotite  gneiss.  N.  E.  i  N.  E.  i  sec.  11,  67-14;  south- 
west side  of  Roland  island,  Lac  la  Croix. 


q,t,7eoovGoO»^lc 


STATE  GEOLOGIST.  221 

1022.  Brownish,  biotite  schist.  N.  E.  i  S.  W.  i  sec.  35, 
68-14;  end  of  point,  Lac  laCroiz. 

1023.  Staarolite,  biotite  schist.  N.  E.  J  N.  E.  i  sec.  34, 
68-14;  north  side  ol  small  island,  Lac  la  Croix.  Rock  not  cer- 
tainly in  situ,  bat  probably  not  far  from  the  parent  ledge. 

1024.  Biotite  schist.  S.  E.  i  S.  E.  \  sec.  33,  7018;  Kettle 
falls. 

1025.  Sericitic  schist.     S.  E.  i  S.  W.  J  sec.  35,  71  24. 

1026.  Pine  grained,  micaceous  schist.  S.  W.  J  S.  W.  i  sec. 
88,  71-24;  south  shore  of  Rainy  river. 

1027.  Biotite  schist.     Same  place. 

1028.  Greenish  schist.  Near  center  of  S.  W.  i  sec.  33.  71- 
24;  reef  near  south  shore  of  Rainy  river, 

1029  to  1029E.  Series  of  specimens  showing  transition  from 
biotite  schist  to  biotite  syenite.  The  more  western  of  the  two 
islands  in  the  Rainy  river,  about  three-fourths  of  a  mile  below 
Koochiching  falls. 

1030.  Biotite  hornblende  syenite.  Ft.  Frances,  Ontario; 
from  the  excavation  for  the  canal. 

1030A.  Porphyritic  facies  of  the  same.  S.  E.  i  S.  W.  i  sec 
27,  71-24;  south  shore  of  Rainy  river. 

1030B.  Altered  diabase  from  dike  in  the  syenite.  Same 
place. 

1031.  Diabase  from  center  of  dike  in  syenite.  Near  center 
of  N.  i  N.  W.  sec.  35,  71-24;  south  shore  of  Rainy  river. 

1032.  Brownish  biotite  schist.  Near  center  of  S.  ^  8.  W.  ^ 
sec,  25,  71-24;  south  shore  of  Rainy  river. 

1033.  Brownish  micaceous  schist.  140  paces  south  of  the 
east  quarter  post  of  sec.  25,  71-24, 

1033A.    Very  fine  grained,  gray  schist.     Same  place. 
1038B.    Gray  siliceous  rock.     Same  place. 
1084.    Greenish  schist.     Just  south  of  the  east  quarter  post 
of  sec.  86,  71-24. 

1035.  Greenish  siliceous  schist.  550  paces  south  of  the  east 
quarter  post  of  sec.  36,  71-24. 

1036.  Siliceous  schist,  rather  coarse  grained  and  massive  in 
appearance.  N.  E.  i  N.  W.  J  sec  80,  71-23;  south  shore  of 
Rainy  lake. 

1037.  Mottled  biotite  schist.  Near  center  of  E.  J  N.  W.  i 
sec.  29,  71-23;  point  on  south  shore  of  Rainy  lake. 

1088.  Green  schist.  S.  W.  J  N.  W.  i  sec.  28,  71-23;  south 
shore  of  Rainy  lake. 
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1039.  Dark,  fine  grained,  micaceous  schist  S.  W.  J  N.  W. 
^sec.  28,  71-23;  south  side  of  small  poiat,  south  shore  of  Rainy 
lake. 

1040.  Biotite  granite.  The  smaller  of  the  two  islands  in  the 
N.  W.  i  sec.  28,  71-2;  Rainy  lake. 

1040A.     Ck)ntact  of  taica  schist  and  granite.     Same  place. 

1041.  Aplyte  from  dike.     Same  place. 

1042.  Greenish,  micaceous  schist.  N.  B.  i  N.  W.  ^  sec.  26, 
71-23;  Kingston  island.  Rainy  lake. 

1043.  Greenish  schist,  matrix  of  conglomerate.  Small 
island  near  center  of  W.  ^  S.  W.  J  sec.  26;  Jackfish  bay,  Rainy 
lake. 

1043A.     Conglomerate.     Same  place. 

1043B.    Gray  pebble  from  the  conglomerate.     Same  place. 

1043C.  Collection  of  pebbles  from  the  conglomerate.  Same 
place. 

1043D.  Fine  grained  biotite  granite  pebble  in  conglomerate. 
S.  W.  i  S.  W.  J  sec.  26,  71-23;  south  shore  of  Jackfish  bay. 
Rainy  lake. 

1044.  Volcanic  tuff?  South  shore  of  Rainy  lake  at  the  west 
line  of  sec.  25,  71-28. 

1045.  Green  conglomerate.  West  shore  of  small  bay  near 
the  south  line  of  sec.  30,  71-22;  south  shore  of  Rainy  lake. 

1046.  Peculiar  graywacke-like  rock.  S.  W.  i  8.  E.  i  sec. 
80,  71-22;  south  shore  of  Rainy  lake. 

1C47.  Greenish  schist.  N.  W.  i  N.  E.  i  sec.  82,  71-22;  south 
shore  of  Rainy  lake. 

1048.  Brownish  gray  siliceous  rock  occurring  in  beds  in  the 
mica  schist.  South  shore  of  Rainy  lake,  just  west  of  the  east 
line  of  sec.  32,  71-22. 

1049.  Green  schist  N.  E.  i  N.  W.  i  sec.  33,  71-22;  Little 
American  island,  Rainy  lake. 

1049A.    Sericitic  schist     Same  place. 

1049B.     Darker  phase  of  the  same.    Same  place. 

1050.  Sericitic  schist.  S.  E.  i  N.  W.  i  sec  28,  71-22;  north 
side  of  Grindstone  island.  Rainy  lake. 

1051.  Schistose  quartz  porphyry.  Near  center  of  E.  j-  S.  K. 
^  sec.  26,  71-22;  small  island  in  Rainy  lake. 

1052.  Brownish  biotite  schist.  S.  E.  i  N.  E.  i  sec  36.  71- 
22;  south  shore  of  Rainy  lake. 

1052A.  Micaceous  schist.  N.  E.  i  N.  W.  i  sec.  36,  71-22; 
south  shore  of  Rainy  lake. 
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1053.  Gray  muscovite  biotite  syenite.  3.  E.  ^  S- E.  ^  sec. 
35,  71-22;  south  shore  of  Balay  lake. 

1054.  Greenish  schist  containing  siderite.  Lyle  mine,  near 
center  of  S-  E.  i  sec.  23,  71-22;  north  side  of  Dryweed  island. 
Rainy  lake. 

1054A.     Greenish  rock  laminated  by  siliceous  bands.     Same 
place. 
1054B.     Quartz  and  siderite  from  vein.     Same  place. 

1055.  Biotite  gneiss,  charged  with  pyrite.  S.  E.  i  S.  E.  i 
sec.  33,  71-22;  Old  Soldiermlae;  small  island  in  mouth  of  Black 
bay,  Rainy  lake. 

10S5A.     A  darker  phase  of  the  same.    Same  place. 

1056.  Pinkish,  biotite  granite.  Probably  in  N.  i  sec.  35,  65- 
17;  east  side  of  Vermilion  river  at  north  end  of  a  long  portage. 

1057.  Gold  bearing  quartz  from  vein.  Lot  6,  sec.  30,63-12; 
near  Ely. 

1028,  Greenish  conglomerate.  AL  76,  north  side  of  Shoal 
lake. 

1059.  Greenish  conglomerate.     Shoal  lake. 

1060.  Conglomerate  at  contact  with  altered  granite.  North 
of  Shoal  lake. 

1061.  Greenstone.     North  shore  of  Shoal  lake. 

1062.  Contact  of  saussurite  gabbro  and  granite.  Small  lake 
south  of  Bad  Vermilion  lake. 

■  1063.    Sanssurite  gabbro.     Island  bay,  Bad  Vermilion  lake. 

1064.  Biotite  granite.  A  L  75,  Wiegand's  land,  north  of 
Shoal  lake. 

1065.  Altered  granite?    Same  place. 

1066.  Another  phase  of  the  same.    Same  place. 

1067.  Altered  granite?    Same  place. 
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NOTES     UPON     THE    BEDDED     ANI)    BANDED 

STRUCTURES  OF  THE  GABBRO  AND  UPON 

AN  AREA  OF  TROCTOLYTE. 


By  Arthur  Hugo  Elftman. 
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INTRODDCTION. 

The  following  notes  are  based  upon  field  observations  made 
for  the  geological  survey  and  subsequent  latx)ratory  study  of 
the  material  collected.  The  writer  has  had  the  opportunity  to 
examine  the  great  gabbro  mass  of  northeastern  Minnesota 
through  its  entire  width  from  the  Duluth  and  Iron  Range  nul- 
road  to  the  vicinity  of  lakes  Alice  and  Bellissima.  From  the  for- 
mer lake  eastward  through  Little  Saganaga  lake  to  the  region 
south  of  Gunflint  lake,  only  the  northern  portion  of  the  gabbro 
was  examiaed  by  him.  As  the  time,  opportunity  or  necessity 
afforded,  many  localities  were  visited  several  times. 

In  the  twenty-second  annual  report  (p.  169)  attention  was 
called  to  several  localities  where  interesting  observations  were 
made  upon  the  gabbro.  It  is  intended  at  present  to  give  a 
short  account  of  the  following: 

1.  The  bedded  and  banded  phases  of  the  gabbro. 

2.  The  occurrence  of  the  feldspar  masses  in  the  gabbro. 

3.  The  description  and  relations  of  a  dark,  bedded  olivine 
gabbro,  or  troctolyte. 


;vGoo»^lc 


STATE  GEOLOGIST. 


MACROSCOPIC  CHARACTERS  AND  FIELD  RELATIONS. 

Under  this  heading  will  be  given  some  of  the  macroscopic 
characters  of  the  rocks  under  consideration  and  their  relations 
and  appearance  in  the  field.  For  a  general  description  of  the 
normal  gabbro,  the  reader  is  referred  to  Dr.  Bayley's  discos- 
sion  of  the  basic  massive  rocks  of  the  Lake  Superior  region.* 

Tfte  bedded  and  banded  phases  of  the  gabbro. 

In  the  reports  of  the  Minnesota  geological  survey  frequent 
reference  has  been  made  to  the  "bedded"  character  of  the 
normal  gabbro  in  different  localities.  By  this  character  in- 
variably is  meant  a  mde  arrangement  of  the  rock  in  parallel 
layers  similar  to  the  layers  of  sedimentary  rocks.  This  is 
quite  a  common  phenomenon  along  the  northern  limits  of  the 
great  gabbro  mass.  The  layers  usually  have  a  dip  toward  the 
south  and  in  places  this  character  may  be  quite  extensive.  The 
separation  into  layers  does  not  depend  upon  a  difFerentiation 
of  the  mineral  components  of  the  rocks,  for  it  is  usually  best 
developed  in  a  rock  of  medium  texture  and  of  a  uniform  distri- 
bution of  the  minerals.  From  this  it  seems  that  the  peculiar 
bedded  appearance  is  due  to  secondary  causes  acting  upon  the 
rock  after  it  had  solidified. 

Under  banded  structure  the  writer  includes  the  laminated 
appearance  of  the  gabbro.  which  is  due  to  the  difFerentiation 
and  arrangement  in  parallel  bands  of  the  mineral  constituents 
of  the  rock.  The  bands  have  no  regular  arrangement.  They 
appear  and  disappear  in  a  manner  not  depending  upon  sec- 
ondary causes.  The  gabbro,  which  usually  presents  a  fairly 
uniform  texture,  along  its  central  portion  possesses  the  banded 
structure  to  a  marked  degree. 

In  considering  the  differentiation  within  the  gabbro  atten- 
tion will  be  called  to  the  various  stipes  in  which  this  has  been 
noticed.  South  of  Disappointment  lake  (T.  68  N.,  R.  8  W.)  a 
short  distance  south  of  the  contact  with  the  older  rocks  the 
gabbro  is  medium  grained  and  olivinitic.  The  "bedded" 
structure  is  well  developed.  In  going  south  from  here  a  dis- 
tance of  two  or  three  miles  one  passes  over  ridges  of 
this  same  gabbro.  But  away  from  the  northern  edge  the  rock 
has  a  tendency  to  become  more  varied  in  structure.  The  feld- 
spathic  and  olivinitic  portions  occur  in  separate  aggregates,  giv- 
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iiig  a  peculiar  spotted  appearance  to  the  rock.  The  diallage 
and  olivine  usually  form  clusters  of  crystals  arranged 
radially  around  a  common  center.  These  areas  vary  in  diameter 
from  one  to  four  inches.  The  plagioclase  which  makes  up  the 
greater  part  of  the  rock  also  fills  up  the  spaces  between  the 
diallage  and  olivine.  Although  the  olivine  is  altered  on  the 
surface  to  a  brownish  yellow  product,  thin  sections  of  the  rock 
show  thatit  is  quite  fresh  within  the  rock.  Occasional  bould- 
ers show  the  peculiar  structure  of  the  rock  by  their  alteration. 
Apparently  firm  and  fresh  when  struck  with  a  hammer,  these 
boulders  readily  crumple  leaving  the  feldspathic  portions  in 
firm  uodules  and  the  olivinitic  portions  as  a  coarse  sand.  This 
disintegration  is  due  to  the  alteration  of  the  olivine. 

The  separation  of  the  mineral  constituents  is  quite  common 
in  the  normal  facies  of  the  gabbro,  and  is  mentioned  by  Dr. 
Bayley*  as  follows:  "The  varieties  are  merely  local  phases  of 
the  predominant  rocks  for  on  all  sides  they  grade  into  one  an- 
other by  insensible  transitions."  It  is  the  writer'^  iatention 
to  call  attention  to  the  separation  into  a  sharply  defined 
banded  structure,  which  can  be  easily  distinguished  from 
the  ordinary  differentiation  of  the  rock,  which  causes 
only  a  variation  in  the  amount  of  the  different  minerals.  This 
may  occur  in  such  proportions  that  areas  of  feldspar  severe 
yards  in  diameter  may  be  separated.  In  the  banded  structure 
some  of  the  bands  have  the  composition  of  the  normal  gabbro; 
while  others  are  composed  almost  wholly  of  feldspar  on  the 
one  hand  and  the  iron- bearing  minerals  on  the  other.  The  lines 
of  division  between  the  different  bands  are  usually  sharp  and 
distinct.  The  bands  vary  in  thickness  from  several  inches  to 
several  feet  and  are  generally  quite  irregular,  varying  consid- 
erably in  thickness  in  different  parts.  There  is  no  'general 
direction  in  the  bands.  They  are  found  in  all  portions  and 
running  in  every  direction.  In  this  they  differ  from  the  bedded 
structure,  which  has  nearly  always  a  dip  toward  the  south. 

The  banding  is  similar  to  that  described  and  illustrated  by 
Geikie  and  Teall  in  the  Tertiary  gabbro  in  the  Isle  of  Skye.» 
The  gneissic  or  banded  structure  is  also  referred  to  in  BnlletiD 
VI,  of  the  Minnesota  survey,  p.  126.  The  hiit  east  of  Birch 
lake,  mentioned  in  Bulletin  VI,  possesses  more  of  the  bedded 
than  the  banded  structure,  although  the  two  are  somewhat 
coincident  In  this  case.     The  illustration  shows  the  bedded  and 
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not  the  banded  structure.  The  importance  of  this  bandedstruct- 
ure  is  best  considered  in  connection  with  the  large  feldspar 
massea  within  the  gabbro. 

Tke  occurrence  of  (A«  feldspar  jnaaaaa  in  the  gabbro. 

The  large  areas  of  feldspar  rock  south  of  Little  Saganaga 
lake  aad  westward  along  the  central  part  of  the  gabbro  area  ' 
have  been  mentioned  in  the  Minnesota  reports.*  These  feld- 
spar masses  have  been  found  in  sizes  varying  from  an  aggre- 
gate of  several  crystals  to  mountain  masses.  The  different 
areas  have  the  same  relation  to  the  normal  gabbro,  and  are  of 
the  same  origin. 

In  the  southeastern  part  of  T.  61  N.,  R.  11  W.  of  the  Fourth 
principal  meridian,  the  gabbro  possesses  a  marked  banding. 
The  feldspar  bands  often  are  ten  to  fifteen  feet  wide  and  oc- 
casionally widen  out  and  form  lenticular  or  oval  areas  of  even 
greater  width.  The  banding  is  continuous  and  the  direction  is 
parcdlel  to  the  outlines  of  the  feldspar  masses.  The  composi- 
tion of  the  bands  was  mentioned  on  a  preceding  page.  .That 
the  smaller  areas  are  due  to  the  differentiation  of  the  gabbro 
cannot  be  doubted,  for  their  occurrence  does  not  depend  upon 
the  banded  structure  of  the  gabbro.  The  line  of  division  be- 
tween the  feldspar  masses  and  the  normal  rock  is  sharp 
and  distinct  in  the  field  and  in  hand  specimens.  This  sug- 
gests that  tliey  may  be  inclusions  of  some  older  rock  in  the 
gabbro.  Microscopical  characters,  however,  show  that  this 
is  not  the  case. 

On  account  of  their  greater  hardness  the  feldspar  masses 
usually  occur  in  knobs  rising  above  the  ordinary  gabbro.  Oc- 
casionally along  the  side  of  some  perpendicular  bluff  the  out- 
lines of  the  rounded  feldspar  masses,  surrounded  on  all  sides 
by  ordinary  gabbro,  can  be  made  out.  In  section  36,  T,  61  N..  R, 
11  W.,  a  dome-shaped  mass  of  feldspar,  surrounded  on  all  sides 
by  the  ordinary  gabbro,  rises  fifty  feet  above  the  surrounding 
rock.  On  the  southern  fiank  of  the  mass  and  near  the  top  are 
some  patches  of  gabbro  showing  that  the  present  and  the 
original  size  of  the  mass  are  nearly  the  same. 

In  the  large  valley  in  the  southeastern  part  of  T.  61  N..  R. 
10  W.,  are  extensive  low  outcrops  of  the  feldspar  rock.  This 
rock  is  not  found  in  contact  with  the  ordinary  gabbro,  but  a 
short  distance  south  of  the  most  southerly  outcrop,  a  dome- 
shaped  hill  of  ordinary  gabbro  rises  several  hundred  feet 


■Bulletin  VI,  p.  128.  l^Dd  Aan.  Re[)..  | 
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above  the  valley.  Although  it  may  appear  that  the  two  rocks 
in  this  locality  are  distioctly  separate,  there  -is  no  reason  why 
their  relations  are  not  the  same  as  at  the  last  locality. 

The  high  ridges  soa(h  of  Gabbro  lake  ia  T.  62  N.,  B.  10  W., 
also  show  various  sized  areas  of  feldspar  in  the  predomioatiog 
ordinary  gabbro.  The  banded  stmctnre  appears  to  some  ex- 
tent in  connection  with  the  feldspar. 

An  area  of  bedded  and  banded  olivine  gabbro. 

In  the  southern  part  of  T.  62  N..  R.  10  W..  the  eastern  part 
of  T.  61  N.,  R.  U'W..  the  greater  partof  T.  61  N.,  R.  10  W.,  and 
extending  into  the  townships  south  and  east  of  the  last  named, 
is  a  considerable  area  of  a  dark,  often  reddish  colored  gabbro. 
On  account  of  the  small  proportion  of  feldspar  the  color  de- 
pends upon  the  character  of  the  olivine.  When  fresh  the  rock 
has  a  dark  waxy  appearance,  and  when  altered  the  color  is  nsn- 
ally  dull  black  to  brownish  red  or  reddish  yellow.  A  banded  ar- 
rangement of  the  minerals  is  quite  common,  while  the  bedded 
strueture  prevails  throughout  the  rock.  The  bedding  does  not 
depend  upon  the  banding,  for  it  has  a  comparatively  nniform 
dip  to  the  south  and  the  bedding  planes  often  are  perpendicu- 
lar to  the  banded  structure. 

The  relation  of  this  rock  to  the  normal  gabbro  and  the  feld- 
spar rock  are  somewhat  difficult  to  determine.  It  has  not  been 
found  in  direct  contact  with  them,  since  in  every  locality  ob- 
served by  the  writer  the  contact  was  covered.  The  results  of 
these  observations  may  be  stated  as  follows:  Wherever  the 
dark  bedded  olivine  rock  and  the  gabbro  approach  each  other, 
even  within  a  few  feet,  both  preserve  their  characteriatic 
structure  and  there  are  no  signs  of  a  transition  of  the  one  into 
the  other.  The  olivine  rock  appears  to  be  above  the  gabbro. 
It  does  not  occur  in  a  continuous  area  but  there  are  several  de- 
tached areas  on  the  northeast  shore  of  Bald  Eagle  lake,  T.  62 
N,,  R.  10  W.,  and  in  section  30,  of  the  same  township.  At  the 
last  named  locality  the  olivine  rock  is  separated  from  the  main 
mass  by  several  ridges  of  ordinary  gabbro. 

MICROSCOPIC  CHARACTERS, 

The  banded  gabbro. 

The  mineral  constituents  are  the  same  as  those  of  the  normal 

gabbro.   The  microscopical  examination  of  the  contact  between 

the  different  bands  will  be  of  most  interest.     The  texture  of 

the  different  bands  is  the  same  and  the  minerals  of  one  band 
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are  intimately  uDited  with  those  of  the  adjacent  bands,  showing 
that  the  bands  were  solidified  at  the  same  time  and  that  the 
separation  into  layers  is  due  to  the  differentiation  of  mineral 
constituents  at  the  time  of  cooling. 

The  feldspar  masses. 
In  thin  sections  these  are  seen  to  be  composed  of  plagioclase 
feldspar,  which,  on  the  whole,  probably  possesses  a  higher  ex- , 
tinction  angle  than  is  usually  found  in  the  feldspar  of  the 
normal  gabbro.  Occasional  grains  of  olivine  and  diallage  oc- 
cur. The  rock  is  quite  fresh  and  the  feldspar  crystals  are 
often  perfectly  clear  and  colorless.  An  examination  of  the 
contact  with  the  norfnal  gabbro  shows  the  same  results  as 
given  above,  for  the  banded  gabbros. 

The  dark  banded  olivine  gabbro. 

Just  as  this  rock  is  distinctly  separable  from  the  normal  gab- 
bxo  in  the  field,  so  its  microscopical  characters  are  also  dif- 
ferent The  rock  is  composed  of  plagioclase  and  olivine  with 
small  grains  of  diallage  and  magnetite.  The  olivine  makes  up 
the  greater  part  of  the  rock.  It  occurs  in  fairly  regular  crys- 
tal forms  and  is  quite  fresh.  It  is  frequently  altered  to  ser- 
pentine along  numerous  fractures  through  the  grain.  When 
alteration  has  gone  on  to  a  great  extent,  besides  the  serpentine, 
a  brownish  red  product  is  formed  staining  the  whole  rock  and 
giving  it  a  brick  red  appearance.  In  nearly  all  cases  the  oli- 
vine is  filled  with  numerous  grains  of  magnetite,  often  making 
the  mineral  opaque. 

The  feldspar  is  a  plagioclase,  is  quite  fresh  and  is  the  same 
as  that  in  the  normal  gabbro.  It  possesses,  however,  a 
shattering  peculiar  to  this  area  in  the  Minnesota  gabbro.  Al- 
though fresh,  the  mineral  is  traversed  by  numerous  fracture 
lines  which  are  arranged  radially  around  the  olivine  grains 
The  degree  of  shattering  does  not  depend  upon  the  coaditiou 
of  the  olivine,  for  it  is  just  as  prominent  in  the  fresh  rock  as  it 
is  in  the  altered  portions.  In  the  altered  specimens  the  altera- 
tion products  of  the  olivine  sometimes  penetrate  the  fractures. 
The  pyroxene  when  present  is  associated  with  the  olivine. 

The  rock  is  properly  a  forellenstein  or  troctolyte.  A  section 
of  troctolyte  from  Neurode  in  Silesia,  which  shows  the  same 
peculiar  shattering  of  the  feldspar,  might  easily  be  mistaken 
for  a  sectioo  of  the  rock  representing  the  area  described  above. 
A  section  of  this  troctolyte  from  near  Duluth  was  described  by 
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Dr.  Wadsworth*  The  field  relations  of  this  rock  are  the  same 
as  those  given  forthe  area  just  described-f  The  hand  speci- 
mens and  thin  sections  of  the  rocks  from  these  localities  cor- 
respond in  all  their  characters. 

The  troctolyte  differs  frota  the  normal  olivine  gabbro  in  that 
in  the  former  the  pyroxene  is  present  only  in  occasional  grains, 
while  in  the  latter,  although  it  may  be  absent  in  a  few  sections, 
it  is  usually  present  in  sufiBcient  quantity  to  change  the  charac- 
ter of  the  rock.  The  olivine  is  the  predominating  component  of 
the  troctolyte  and  not  of  the  olivine  gabbro.  The  feldspar  in 
the  former  is  always  thoroughly  shattered  and  the  fractures 
are  arranged  radially  around  the  olivine.  In  the  olivine  gab- 
bro, no  matter  how  altered  the  olivine  may  be,  the  feldspar, 
beyond  a  few  fractures,  shows  no  shattering  similar  to  that  in 
the  troctolyte.  It  may  be  of  interest  to  notice  that  a  large 
bowlder  of  this  troc£olyte  has  been  found  imbedded  in  the  dia- 
base at  Beaver  Bay  and  having  the  same  relations  to  the 
matrix  rock  as  the  anothosyte. 

SOMMABY. 

In  the  preceding  note  the  writer  has  attempted  to  emphasizi 
the  necessity  of  distinguishing  between  the  bedded  and  banded 
structures  of  the  Minnesota  gabbro.  As  the  term  "bedded" 
implies  a  sedimentary  origin  of  the  rock,  there  is  some  objec- 
tion in  applying  it  to  a  structure  in  an  eruptive  rock.  The 
terms  bedded  and  banded  are  often  used  as  synonyms,  but  it 
has  been  shown  that  in  the  Minnesota  gabbro  there  exist  two 
distinct  structures  which  are  different  in  origin.  As  a  more 
appropriate  term  for  what  has  been  called  "bedded"  struct- 
ure the  writer  proposes  the  term  sheeted.  This  struct- 
ure is  very  common  in  nearly  all  of  the  igneous  rocks 
of  Minnesota.  Attention  is  called  to  the  occurrence 
and  formation  of  the  large  feldspar  masses  within  the 
gabbro.  These  masses  are  regarded  as  parts  of  the  gabbro 
itself  and  as  due  to  a  differentiation  of  that  rock.  The  area  of 
troctolyte  is  outlined,  and  some  of  the  distinguishing  features 
of  the  rock  are  given.  Although  this  area  may  be  a  part  of  the 
great  gabbro  mass,  it  is  necessary  to  note  its  relation  to  the 
gabbro  as  well  as  its  peculiar  microscopical  characters. 

*Bull.  No.  II.  p.  as.  No.  S[4,  and  p[kbe  V. 
t  lOtb  Ann.  Rep't..  IBBl,  p.  3^  No.  E14. 
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LIST  OF  ROCK  SAMPLES  COLLECTED  IN  1891  TO 

ILLUSTRATE  THE  FIELD  NOTES  OF 

N.  H.  WINCHELL. 


1969.  At  Bamum,  Carlton  county,  a  low  ridge  west  of  the 
railroad  station,  showing  a  cut  of  3  ft.  by  the  R.  R.,  is  in  Kee- 
watin  fine  slate,  becoming  coarse  and  approaching  fine  gray- 
wacke-  The  dip  is  about  10  deg.  toward  the  south,  but  the 
face  of  the  cut  shows  many  minor  undulations.  The  specimen 
exhibits  the  finer-gprained  portions,  with  many  diverse  mark- 
ings and  wrinklings  in  the  shining  surface. 

1970.  Coarser  and  siliceous  gray  portions  of  the  same  out- 
crop atBarnum.  There  are  in  this  rock  siliceous  masses  and 
some  white  quartz  in  cavities. 

1971.  Micaceous  fine  graywacke.      Moose  Lake,  Carlton  Co. 
1792.     Center  of  sec.  16,  46-20,  on  Kettle  river,   Carlton  Co. 

Samples  of  the  supposed  gold  ore,  for  which  mining  opera- 
tions were  conducted  at  the  mouth  of  Otter  creek  by  Cunning- 
ham and  Miner  a  few  years  since.  The  rock  is  a  compact 
sericitic  schist  and  the  yellow  ore  is  pyrite,  disseminated 
through  the  cleavages  of  the  rock  itself  in  formless  films  and 
sheets,  and  occurring  with  quartz  and  siderite  in  cavities. 

197S.  Sample  of  red  Keweenawan  conglomerate  furnished 
by  Mr.  S.  J.  Basye,  Moose  Lake.Garlton  county.  This  is  said  by 
him  to  occur  in  a  small  outcrop,  mainly  under  water,  in  a 
ravine,  sec.  30,  T.  46-18.  He  also  states  that  in  a  low  bluff  it 
occurs  further  east.  This  place  has  not  yet  been  seen  by  any 
party  of  the  survey.  If  this  report  be  authenticated,  and  the 
rock  be  found  to  be  m  aiiu,  it  will  fix  an  important  geographic 
datum  for  mapping  the  Keweenawan. 

1974.  S.  E.  i  S.  E.  i  sec.  2,  48-16.  Sample  of  the  soft  green 
Keewatin  rock,  underlying  the  conglomerate  at  the  river,  from 
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the  point  of  contact.  The  Keewatin  here  has  a  plain  low  angle 
of  sedimentary  dip  toward  the  south  (say  20  deg.).  If  properly 
treated  it  would  apparently  make  slate  pencils. 

1975.  Sample  of  the  finer  sedimentary  gritty  material  in- 
terstratified  in  the  overlying  quartzose  conglomerate  at  the 
same  place  as  the  last 

1976.  Pebbles  from  the  crumbling  red  conglomerate  which 
overlies  the  Keewatin  and  the  quartzose  conglomerate,  at  the 
month  of  the  creek  entering  the  St.  Louis  river  on  8.  W.  J  sec. 
1,  48-16.  These  pebbles  seem  to  show  that  this  conglomerate 
is  later  In  date  than  the  traps,  amygdaloids  and  porphyries  of 
the  Keweenawan — i.  e.  this  part  of  it.  But  some  of  the  peb- 
bles are  not  from  t&e  Keweenawan;  a  very  few  are  from  the 
Keewatin,  some  may  have  come  from  the  Animikie,  and  one 
is  a  piece  of  iron  pyrite  which  embraces  rounded  grains  of 
quartz,  quite  similar  to  the  pyrite  found  in  such  abundance  in 
the  underlying  quartzose  conglomerate  which  itself  contains 
no  Keweenawan  pebbles.  Such  a  piece  of  pyrite  has  no  known 
source  except  from  the  pyrite-bearing  quartzose  conglomerate 
which  appears  in  the  valley  a  short  distance  higher  up  the 
St.  Louis.  The  strong  contrast  in  the  pebbles  from  these  two 
conglomerates,  and  especially  the  occurrence  of  this  pebble  of 
pyrite  in  the  upper  one,  points  to  the  existence  of  two  con- 
glomerates in  this  valley,  one  of  which  would  be  in  that  case 
of  the  age  of  the  Pewabic,  at  the  base  of  the  Animikie,  and  the 
other  post- Keweenawan.  There  are,  however,  some  large 
pebbles  of  coarse  grit,  with  scattered  kaollnic  grains,  in  the 
lower  conglomerate  which  may  have  come  from  the  Pewabic, 
though  not  necessarily  so.  There  are  also  a  few  large  peb- 
bles of  hardened  black  slate  which  appear  like  the  black  slate 
of  the  Animikie  hardened  by  the  gabbro  of  Dalnth.  These  lat- 
ter facts  seem  to  link^  the  conglomerates  together  as  of  one 
date,  post- Keweenawan.  Yet  this  grit  and  this  fine-grained 
black  rock  can  be  referred  directly  to  their  source  in  the  Kee- 
watin (see  for  instance  Nos.  469,  458  and  468).  No  structural 
facts  were  observed  indicating  two  dates  for  the  accumulation 
of  this  conglomerate.  In  the  10th  report  (pp.  11,  S2-34)  are 
references  to  this  conglomerate.  The  calcite  vein,  mentioned 
on  p.  11,  as  well  as  the  compact  and  hardened  condition  of  this 
qnar^ose  conglomerate,  and  its  abundant  pyrite,  indicate  an 
age  greater  than  post-Keweenawan.  The  fact  also,  mentioned 
in  the  10th  report,  p.  34,  that  the  slaty  structure  of  the  under- 
lying Keewatin  produces  a  roughly  similar  slaty  disintegra- 
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tioD  eztendiog  for  some  distaDce  upward  into  the  conglomer- 
ate, rather  pointfi  to  the  production  of  the  slatiness  since  the 
formatioD  of  the  conglomerate.  That  would  exclude  it  from 
being  of  post-Keweenawan  age. 

1977.  Sample  of  fresh  dike-rock,  from  the  B.  R.  cat,  N.  W. 
iS.  W.  i,  sec.  R,  4816,  Carlton  connty.  The  dike  cats  the 
slates  of  the  region. 

1S78.  Samples  of  slate,  from  the  same  R.  R.  cat,  showing 
tai  iDcipient  secondary  cleavage. 

1979.  Sample  of  slate.from  the  same  R.  R.  cat.  shoving  a 
curionsly  crumpled  fine  banding,  which  seems  not  to  be  a  sedi- 
mentary banding  bat  a  secondary  structare  dae  to  the  irr^u- 
larity  of  the  fiber,  the  latter  perhaps  caased  by  dynamic 
pressure.  There  is  a  fine  opportunity  presented  in  these  rocks 
for  the  study  of  the  structures  produced  in  fragmental  rocks 
by  pressure.  The  ordinary  slaty  cleavage  is  but  one  of  the 
results  of  such  action. 
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a  list  of  the  plants  of  the  north  shore  of  lake  Superior,  by  B.  Juni; 
and  an  Appendix  by  C.  L.  Herrick  00  the  Microscopic  Entomoatraca 
ol  Minnesota;  twenty-one  plates.  Also  in  the  Regents'  Report  for 
1878.    Out  of  print. 

The  Eighth  Annijal  Report,  for  1879.  183  pp.,  8vo.:  one  plate  (Cas- 
toroides).  By  27.  £r.  Winehell.  Containing  a  statement  of  the  Methods 
of  Miscroecopic  Lltholc^y,  a  discussion  of  the  Cupriferous  Series  in 
Minnesota,  and  descriptions  of  new  species  of  Brachlopoda  from  the 
Trenton  and  Hudson  River  formation;  with  reports  on  the  Qeoiogy 
of  Central  and  Western  Minnesota,  by  Warren  Upham;  on  the  Lake 
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SaperJor  reKlOD,  b;  C.  W.  Hall;  llste  of  birdsAod  of  plaots  from  halcB 
Superior,  bj  Thcmas  S.  Roberts;  Chemical  Analyses,  by  8.  F.  Petkham; 
Report  bj  P.  L.  HoMi;  aod  four  AppeDdlxee.  Alsolu  tbeBegeuts' 
Report  for  1879  aud  1880.    Out  of  print. 

Thb  Ninth  Annual  Report,  fob  1880.  392  pp.,8vo.,  three  appendixes, 
two  wood  cut  Illustrations  and  six  plates.  By  N.  B.  Witu^U.  Con- 
taining field  descriptions  of  442  crystalline  rocic  samples,  and  notes  on 
their  geological  relations,  f^m  the  northern  part  of  the  state,  new 
Brachlopoda.  the  water  supply  of  the  Bed  River  valley,  and  simple 
tests  of  the  qualities  of  water;  with  reports:  on  the  upper  Mississippi 
region,  by  0.  E.  Qarriton;  on  the  Hydrology  of  Minnesota,  by  C  M. 
Terry;  on  the  Glacial  Drift  and  Its  termiual  moraines,  by  TTarren 
Upham;  Chemical  analysis,  by  /.  A.  Dodge;  a  list  of  the  birds  of  Min- 
nesota, by  P.  L.  Batch;  and  of  the  winter  birds,  by  Tltomat  8.  RoberU. 
Also  iQ  the  Regents'  Report  for  1879  and  1880.    Out  ot  print. 

Thk  Tenth  Annual  Rkpokt,  for  1881.  254  pp..  8vo.,  with  ten  wood 
cut  Illustrations  and  fifteen  plates.  By  N.  H.  Windiell.  Containing 
field  descriptions  of  about  four  hundred  rock  samples,  and  notes  on 
their  geological  relations,  coutlnued  from  the  last  report;  the  Pots- 
dam sandstone;  typical  thin  sections  of  the  rocks  of  the  Cuplferous 
series;  and  the  deep  well  at  the  "C"  Washburn  mill,  Minneapolis; 
with  geological  notes,  by /..?.  .^too«,'  Chemical  analyses,  by  J.  A. 
Dodge;  and  papers  od  the  Crustacea  of  the  fresh  waters  of  Minnesota, 
eleven  plates,  by  C.  L.  Herriek.  Also  in  the  R^ents'  Report  for  1881 
and  1882.    Out  of  print. 

The  Elecsnth  Annual  Repobt,  for  1882.  219  pp.,  8vo.,  with  three 
wood  cut  tllustratioDS  and  oue  plate.  By  N.  H.  WincheU.  Containing 
a  report  on  the  Mineralogy  of  Minnesota,  and  a  note  on  theatre  of 
the  rocks  of  the  UesabI  and  Vermilion  iron  districts;  with  papers  on 
thecrystalllne  rocks  of  Minnesota. by  A.  Streng  anilJ.  H.  iTIoM,- on  rock 
outcrops  in  central  Minnesota  and  on  lake  Agasslz,  by  Warren 
Upham;  oa  the  Iron  region  of  northern  Minnesota,  by  Albert  H.Chetter; 
Chemical  analyses,  by  /.  A.  Dodge;  and  an  Appendix  containing 
Minnesota  laws  relaticg  to  mines  and  mining,  abstracted  by  C.  L. 
Herriek.    Also  In  the  Regents'  Report  for  1881  and  1882. 

The  Twelfth  Annual  RBt^itT,  for  1883.  Summary  report,  containing 
paleontologlcal  notes  and  a  paper  on  the  comparative  strength  of 
Minnesota  and  New  England  granites,  twenty-six  pages,  by  N.  H. 
WincheU;  final  report  on  the  Crustacea  of  Minnesota,  Included  la  the 
orders  of  Cladocera  and  Copepoda,  192  pages  and  30  plates,  by  0.  L. 
Herriek;  and  a  catalogue  of  the  Flora  of  Minnesota,  193  pf^es,  with 
one  map  showing  the  forest  distribution,  by  Warren  Tlpikam.  Also 
In  the  Regents'  Report  for  1883 and  1884.   Out  of  print. 

The  Thirteenth  Annual  Repobt,  fob  1884,  196  pp.  Geological 
reconuoissances,  the  Yermlllou  Iron  ores,  the  crystalline  rocks  of 
Minnesota  and  of  the  Northwest,  the  Humboldt  salt-well  in  Kittson 
county,  records  of  various  deep  wells  in  the  state,  fossils  from  the 
red  quartzyte  at  Pipestone,  reports  on  the  New  Orleans  Exposition 
and  on  the  General  Museum,  by  N.  H.  Winckeli;  Geology  of  Hlnne- 
haba  county,  Dakota,  by  Warren  Upham;  Chemical  report,  by  Prof- 
J.  A.  Dodge;    Uiunesota    geographical    names   derived   from  the 


Dakota  language,  by  Pmf.  A.  W.  WillianMm;  Insects  Injurious  to  the 
cabbage,  bf  O.  W.  Oettlund;  Geological  notes  In  Blue  Earth  county, 
by  Prvf.  A.  F.  BtchdoU;  and  on  a  foseil  elephant  from  Stockton,  by 
Prvf.  John  Holzinger;  papers  on  tbe  Cretaceous  (osslls  in  the  boulder 
clays  In  the  Korthwest,  by  George  M.  Dawson  and  by  Woodward  and 
Thomas;  and  notes  on  tbe  Mammals  of  Big  Stone  take  and  vicinity, 
by  0.  L.  flnricfc    Out  of  print. 

Thb  Fottbtkbnth  Annual  Bkpobt,  fob  1885.  354  pp. ;  two  plates  of 
fossils  and  two  wood  cuts.  By  N.  S.  WinduiU.  Containing  summary 
report,  notes  on  some  deep  wells  In  Minnesota,  descdptlons  of  four 
new  species  of  fossils,  a  supposed  natural  alloy  of  cupper  and  silver 
from  the  north  shore  of  lake  Superior,  and  revlelon  of  the  strati- 
graphy of  the  Cambrian  in  Minnesota,  with  the  following  papers  by 
assistants,  viz:  List  of  the  Aphldid^  of  Minnesota  with  descriptions 
of  some  new  species,  by  0.  (P.  OesUund;  Report  on.  the  Lower  Silurian 
Bryozoa,  with  preliminary  descriptions  of  some  new  species,  by  H.  O. 
Ulrieh;  Concbotogical  notes,  by  U.  S.  Grant;  Bibliography  of  tbe  Fo- 
raminilera,  recent  and  fossil,  by  Anthony  Woodward. 

Thb  FiFTKENTH  Annual  Bepobt,  FOR  1886.  493  pp.,8vo.;  ]20dlagram 
illustrations  and  sketches  in  the  text,  and  two  colored  maps;  embrac- 
ing reports  on  observations  on  tbe  crystalline  rocks  In  tbe  northeast- 
ern part  of  tbe  state,  by  AUxaTtder  WincheU,  N.  H.  Winchell  and  E.  V. 
Winchell;  Chemical  report  by  Prof.  J.  A.  Dodge;  additional  railroad 
elevations  by  JV.  S.  WincMll;  list  of  Minnesota  geographical  names 
derived  from  the  Chippewa  language,  by  Beu.  J.  A.  OilfiUan;  and  notes 
on  lUseni,  describing  three  new  species,  by  Aug.  F.  Foerste.  Also  as 
supplement  II  of  the  Regents'  Report  for  1887-1888.    Out  of  print. 

Thb  SizTBKNTH  Annual  Rbpobt,  for  1887.  501  pp.,  8vo.;  two  plates 
and  83otber  illustrations.  Contains  reports  on  tbeorlginal  Huronlan 
area,  the  Marquette  iron  region,  on  tbe  Gogebic  and  Penokee  iron- 
bearing  rocks,  on  the  formations  of  northeastern  Minnesota  (Includ- 
ing the  physical  acpects.  vegetation,  quadrupeds  and  other  verte- 
brates), the  geolc^y  of  the  region  northwest  from  Vermilion  lake  to 
Rainy  lake  and  of  the  Little  and  Big  Fork  rivers;  also  notes  on  the 
Molluscan  fauna  of  Minnesota. 

The  Sbventebnth  Annual  Report,  fob  1S88.  280  pp.,  8vo.;  ten  text 
illustrations.  Contains:  Report  of  2f.  B.  Winchell,  the  crystalline 
rocks  of  Minnesota,  a  general  report  of  progress  made  In  tbe  study  of 
tbetr  field  relations,  with  a  bibliography  of  recent  works  on  the  crys- 
talline rocks;  report  of  H.  V.  Wirichell,  field  observations  in  the  iron 
regions;  report  of  U.  8.  Orant,  geological  observations  in  northeast- 
ern Minnesota. 

The  EiGHTBHNTH  ANNUAL  REPORT,  FOB  1889.  234  pp.,  8vo.  Report  of 
further  field  observations  in  the  r^lons  of  tbe  crystalline  rocks  of  the 
state  and  In  the  area  of  tbe  original  Huronlan,  by  N.  H.  WincheU;  and 
a  review  of  American  opinion  on  the  older  rocks, by  4iM:and«r  Winchell. 

The  Ninetbbnth  Annual    Report,  for    1890.    255  pp.,  8vo.;  with 

Illustrations.    Translation  of  Borlcky's  elements  of  a  new  Chemico- 

mlcroBCopIc  method  of  analysis  of  rocks  and  minerals,  and  of  Elooa' 

.    Geognostic  and  Geographical  observations  In  Minnesota  In  1877,  by 

N.  H.  Winchell;  Chemical  report  by  Frof.  Bodge;  the  woods  of  Minne- 
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sola,  by  H.  B.  Ayers;  Museum  and  library  additloue;  List  of  meteor- 
ites Id  the  museum:  Petrography  and  geo1(«y  of  the  Alceley  lake 
region,  W.  S.  Bayky;  New  Lower  Sllurlau  Lamellibrauchlata,  E. 
O.  Ulrich. 

The  Twehtibth  Annual  Report,  for  1891.  344  pp.,  8vo.;  12 
platan  and  33  tPXt  Illustrations.  Summary  statement;  The  crystal- 
line rocks— some  preliminary  considerations  as  to  their  structures 
and  origin,  by  JV.  H.  Windiell;  Field  notes  In  1890,  by  JV.  S.  WinehsU; 
Additional  rock  samples  to  llluatraie  notes,  by  N.  H.  Winchidi;  Field 
observations  on  certain  granitic  areasin  northeastern  Minnesota, by 
U.  S.  Grant;  Catalogue  of  rock  specimens,  by  XT.  S.  QratO;  The 
Mesabi  iron  range,  by  H.  V.  Binc/ielf;  Sketch  of  the  coastal 
topography  ol  the  north  side  of  lake  Superior,  with  special 
reference  to  the  abandoned  strands  of  lake  Warren  (the  greatest 
of  the  late  Quaternary  lakes  of  North  America),  by  A.  C.  Law- 
son;  DIatomaceic  ot  Minnesota  inter-Qlaclal  peat,  by  B.  W.  Thmtu, 
(with  list  of  species  and  some  notes  upon  them,  by  H.  L.  Smilh, 
and  directions  for  the  preparation  and  mounting  of  Diatomaces,  by 
C.  Johnaim  and  H.  L.  Smith);  Oxide  of  manganese,  by  N.  H.  WincMl; 
Museum  additions;    Additions  to  the  library. 

The  TwaNTY-FiiisT  Annual  Bbpoht,  for  1892.  171  pp.,  8vo,;  2 
plates  and  21  test  llluatrations.  Summary  statement  and  compara- 
tive nomenclature,  with  a  table  of  the  Fre-Slluran  rocks  of  Minne- 
sota and  their  equivalents;  The  geol(«y  of  Kekequabic  lake  Id 
northeastern  Minnesota,  with  special  reference  to  an  auglte  soda- 
granite,  by  JJ.  S.  OrarU;  Catalogue  of  rock  specimens,  by  U.  8.  Qrant; 
Field  observations  in  1892,  by  2f.  H.  WineheU;  Some  problems  of  the 
Meaabi  iron  ore,  by  N.  H.  Windiell;  Additional  rock  samples  to  Illus- 
trate report,  by  tf.  H.  WincAeli;    Additions  to  the  library. 

The  Twenty-second  Annual  Report,  for  18»3  210  pp.,  8vo.:  7  plates 
and  3  text  illustrations.  Summary  statement;  Frellminai?  report  of 
fleld  work  durlug  1893  in  northeastern  Minnesota,  chiefly  relating  to 
the  glacial  drift,  by  Warren  Upham;  Preliminary  report  of  field  work 
during  1893  in  northeaslern  Minnesota,  by  U.  H.  Oranl;  List  of  rock 
samples  collected  In  1893  by  U-  8.  Oranl;  List  of  rock  samples  col- 
lected In  1893,  by  A.  D.  Meeds;  Preliminary  report  of  a  reconnoissance 
in  norlbwestern  Minnesota  during  1893.  by  /.  B.  3bdd,'  Notes  on  the 
geology  of  Itasca  county,  Minnesota,  by  O.  E.  Culver;  Preliminary 
report  ot  fleld  work  done  in  1893,  by  /.  E.  Spurr;  List  of  rock  samples 
collected  in  18S3,  by  J.  E.  Spurr;  Preliminary  report  of  levelling 
party,  by  C.  P.  Berkey;  Preliminary  report  ot  fleld  work  during  1893 
in  northeastern  Minnesota,  by  A.  S.  Elftman;  List  ot  rock  samples 
collected  in  i%iZ,\ss  A.  H.  Eifiman;  Museum  additions;  Additions 
to  the:iibrary  since  the  report  for  1892;  The  exhibit  of  the  sorvey  at 
the  Columbian  Exposition,  by  N.  H.  THiuAeU. 

II.    FINAL  REPORT. 

( Distributed  .bf  tht>  State  Oeologlat.) 

Thb  Gbologi  of  Minnesota.    Vol.  I  of  thk  Final  Report,    1872— 

1882  xiv  and  697  pp.,  quarto;  illustrated  by  forty-three  plates  and 

afty-three  :agures.     By  N.  H.    WincheO;  assisted  by  Wamn  Upham. 

Containing  an  historical  sketch  of  explorations  and  surveys  in  Hlone- 


isotA,  the  general  physical  features  ot  the  state,  the  bulldlDg  stones 
aod  the  Geologj  of  Houston,  Wioona,  Fillmore,  Mower,  Freebora, 
Pipestone,  Bock  and  Rice  counties,  by  N.  H.  Winehell;  the  Qeology  of 
Olmsted,  I>odge  and  Steele  counties,  by  M.  W.  Harrington;  aad  the 
Geoli^yor  Waseca,  Blue  Earth.  Faribault,  Watonwan,  Martin,  Cot- 
tonwood, Jackson,  Murray,  Nobler,  Brown,  Redwood,  Yellow  Medi- 
cine, Lyon,  Lincoln,  Big  Stone,  Lac  qal  Parle  aad  Le  Sueur  counties, 
by  Warren  Uptuim.  Distributed  gratuitously  to  all  public  libraries 
and  county  auditors'  offices  Id  the  state,  to  other  state  libraries  and 
state  unlTersities,  and  to  leading  geologists  and  scientific  societies; 
Itie  remainder  are  held  for  sale  at  the  cost  of  publication,  t3.50  per 
copy  In  cloth,  or  tS  in  grained,  half  roan 'binding,  upon  application  to 
Prof.  N.  H.  Winehell,  Minneapolis. 

The  aEOi.oQT  of  Minnesota.  Vol.  II  or  thk  Final  Report.  1882— 
1885,  zxtv  and  896  pp.,  quarto;  illustrated  by  forty-two  plates  and 
thirty-two  ^ures.  By  N.  H.  WinduH,  assisted  by  Warren  Upham. 
Containing  chapters  on  the  Qeo logy  of  Wabasha,  Qoodhue.  Dakota, 
Hennepin,  Ramsey  and  Washington  counties,  by  N.  H.  Wiw:htli;  and 
on  Carver,  Scott,  Sibley,  Nicollet,  McLeod,  Renville,  Swift,  Chip- 
pewa, Kandiyohi,  Meeker,  Wright,  Chisago,  Isanti,  Anoka,  Benton, 
Sherburne,  Stearns,  Douglas,  Pope.  Grant,  Stevens,  Wilkin,  Traverse, 
Otter  Tall,  Wadena,  Todd,  Crow  Wing,  Morrison,  Mllle  Lacs,  Kana- 
bec, Pine,  Becker  and  Clay  counties,  by  Warrtn  Upham.  Distributed 
according  bo  law,  in  the  same  manner  as  Vol.  I  above. 

The  Paleontology  of  Minnesota.  Vol.  Ill  of  the  Final  Re- 
POBT.    In  press. 

IIL    MISCELLANEOUS   PUBLICATIONS. 
(DIMFlbaled  bf  the  BMM  Geologist.) 

1.  CiRCULAB  No.  1.    A  copy  of  the  law  ordering  the  survay,  and  a  note 

askingthe  co-operation  $f  citizens  and  others.     1872. 

2.  Pbat  foe  Domkbtic  Fdbl.     1874.     Edited  by  S.  F.  Peckham. 

3.  Rbpokt  of  thk  Sait  Spring  Lands  Duk  the  State  of  Minne- 

sota. A  history  of  all  official  transactions  relating  to  them,  and  a 
statement  of  their  amount  and  location     18T4.    By  N.  H.  Windtell. 

4.  A  Catalogue  of  the  i'lanth  of  Minnesota.    Prepared  In  1866, 

by  J.  ^.Z.apham,  contributed  to  the  Geological  and  Natural  His- 
tory Survey  of  Minnesota,  and  published  by  the  Slate  Horticul- 
tural Society  in  1875. 
6.      OincvLAB  No.  2.    Relating  to  botany,  and  giving  general  directions 
for  collecting  Infomatlnn  on  the  flora  of  the  state.    1878. 

6.  CntcuLAR  No.3.  The  establishment  and  organization  of  the  Museum. 

1877. 

7.  CiBCULAU  No.  4.    Relating  to  duplicates  in  the  Museum  and  ex- 

changes.    1878. 

8.  The  Building  Stonbs,  Clays,  Limbs,  Cements,  Roofing,  Flag- 

ging AND  Fating  Stones  of  Minnesota.  A  special  report  by  N. 
3.  Winehell.    1880. 

a  Circular  No  6.  To  Builders  and  Quarrymen.  Relating  to  the  col- 
lection of  two-Inch  cubes  of  huilalng  stones  for  physical  tests  of 
strength,  and  for  chemical  examination,  and  samples  of  clay  and 
brick  for  the  General  Museum.    1880. 

10.  CibcularHo.  6.  To  owners  of  mills  and  unimproved  water-powers. 
Relating  to  the  hydrolc^y,' and  water-powers  of  Minnesota.     1880. 

[The  mlBoelUneoUB  pubUoatloas  are  mostly  oQt  ot  i>rliit.l 
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IV.    BULLETINS, 
(nistributed  b;  the  Suite  GaoloREBt,  except  No.  S,  which  !■  distrlbabed  by  tba  St&t« 

BotUBlBt.) 

No.  1.  History  of  Oeolc^lcal  Surveys  In  Minnesoia.  8to.,  pp.  37.  ISB9. 
by  N.  H.  WinchsU. 

No.  2.  Preliminary  description  of  the  Perldotytes,  Gabbros.  Diabases 
and  Antiesyt«s  o(  Minnesota.  8vo.,  pp  158;  12  colored  plates. 
1887.    By  M.  E.  Wadswyrth. 

No.  3.  Report  of  work  done  in  Botany  In  the  year  1886—1887.  8  vo.,  pp. 
58.    By  J.  C.  ArthMX.    Out  of  print. 

No.  4.  A  Synopsis  of  the  AphidldEB  of  Mlcnesota.  6vo.,  pp.  100.  1387.  By 
0.  W.  (kaUund. 

No.  5.    Natural  Gaa  In  Minnesota.  8vo.,  pp.  .18.   1889.    By  N.  H.  fPindieU. 

No.  6.  The  Iron  Ores  of  Minnesota.  Their  geology,  discovery,  develop- 
ment, Qualities  and  orlitin,  and  comparison  with  those  of  other 
Iron  districts,  with  ageological  map,  26  flgures  and  44  plates. 
8vo.,  pp.  430.     1891.    ByJV.  fl.  WincheU  &i3d  H.  V.  Wincml. 

No.  7.  The  Mammals  of  Minnesota.  A  scleatlflc  and  popular  account  of 
their  features  uod  habits,  with  23  B^ures  and  eight  plates.  8vo., 
pp.  300.    1892.     By  C.  L.  HerncA. 

No.  8.  The  Anorthosytes  of  the  Minnesota  coast  of  Lake  Superior,  by  J. 
C.  Lavimn.  The  laccolftic  sills  of  the  northwest  coast  of  Lake 
Superior,  by  A.  C.  Lauiaon.  Prefatory  note  on  the  Norian  of 
the  Northwest,  by  N.  H.  WincheU.  8vo,,  pp.  xxxiv,  48;  7  plates 
and  8  text  lUustratlons.    1893. 

No.  9.  Pakt  I.  Prefatory  note.  On  the  occurrence  of  Sphagnuui  atolls 
in  central  Minnesota,  by  Contnay  M-icMilUm.  Some  extension 
of  plant  ranges,  by  E.  P.  iSheldon.  On  the  nomenclature  of 
some  North  American  species  of  Agtragalug,  by  E.  P.  Sheldon. 
List  of  fresh  water  AJgsecolIected  In  Mlnnesotadurlog  1893,  by 
Josephine  E.  Tilden.  On  the  poisonous  influence  of  Cj/pripedivm 
spectabile  and  Oypripedium  ptibenixng,  by  J).  T.  Macbougal. 
8vo.,  pp.  1-38,  three  plates.  Jan.  16,1884. 
Part  II.  Nitrogen  assimilation  by  laopyrum  hiUmatum,  by  D.  T. 
MacDougal.  On  the  morphology  of  hepatic  elaters,  wiihspecial 
reference  to  branching  elaters  of  Vonocephalut  contcuv.  b^  /. 
E.  Tilden.  Revised  descriptions  of  the  Minnesota  ^sfrogaJt,  by 
E.  P.  Sheldon.  Synonymy  of  the  North  American  species  of  Jwn- 
a>de»,  with  further  nomenclatural  notes  on  Astragalus,  by  E.  P. 
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free  nitrogen  by  plants,  by  D.  2*.  JfociPow^aJ.  8vo.,  pp.  177-222, 
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jjGooi^lc 


jjGooi^lc 


jjGooi^lc 


IJiqitaeOwGobl^lc 


IJiqitaeOwGoOl^lc 


IJiqitaeOwGoOl^lc 


